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CHAPTER 1

INTRODUCTION

Teams have become important building blocks of successful organizations that
operate in dynamic and complex task environments (Salas, Cooke, & Rosen, 2008;
Widmer, Schippers, & West, 2009). As the complexity of the workplace continues to
grow, organizations use teams to respond quickly and effectively in fast-changing
environments. Whether geographically dispersed or not, teams are used in aviation, the
military, health care, financial sectors, nuclear power plants, engineering problem-solving
projects, manufacturing, and various other domains (Salas et al., 2008). As technology
has advanced, time and distance barriers have dissolved, allowing organizations to gain
access to resources and experts worldwide (Heller, Laurito, Johnson, Martin, Fitzpatrick,
& Sundin, 2010). This makes virtual teams the strategy of choice for many organizations.
Virtual teams have been defined as geographically, organizationally, or time dispersed
team members who are interacting via information and telecommunication technologies
to accomplish the organizational tasks (Powell, Piccoli, & Blake, 2004). Nevertheless,
today’s fast-paced organizations ask their virtual teams to be effective across distance by
relying on various communication technologies to accomplish their goals (Johnsons,
Suriya, Yoon, Berrett, & La Fleur, 2002) and by taking advantage of the flexible team
structures for better responsiveness to market changes (Armstrong & Cole, 2002).
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Although virtual teams do offer many advantages for companies (Heller et al., 2010),
collaboration at a distance poses many challenges at the teams’ cognitive level. It is
therefore important to understand how team cognition is influenced by such external
factors.
Team Cognition
Research on cognitive processes has dominated the last 50 years of scientific
psychology, with a primary focus on the individual and not the team or group level
(Cooke, Gorman, & Winner, 2007). Throughout the literature, cognitive aspects of teams
have been shown to impact team performance and team processes (Cooke, Kiegel, Salas,
Stout, Bowers, & Cannon-Bowers, 2003). “Cognition” is a term referring to mental
processes involved in gaining knowledge and comprehension (i.e., perception, memory,
language, learning, problem solving, and decision making). As defined by Cooke and
colleagues (2007), team cognition is a cognitive activity that occurs interactively at the
team level amongst team members and can vary in teams depending on their members’
interdependency and roles. For instance, the cognitive requirement of individuals in a
heterogeneous team, in which team members possess task specific roles, has been found
to be extensive. This occurs due to the necessity of the division of labor and degree of
knowledge distribution – with very specialized teams having little cognitive overlap
among members and less specialized teams having more cognitive redundancy (Cooke &
Gorman, 2006). Yet, research supports the potential of heterogeneous teams because of
their ability to perform complex activities better than homogenous teams once they have
learned cooperative team skills (Crawford & Hasan, 2009).
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Another factor defining team cognition is the team structure that influences team
members’ interaction and performance outcomes. Research on hierarchical teams (i.e.,
teams in which team members’ exchange information with the leader who has the
autonomy, authority, and discretion of decision making) versus network teams (i.e.,
teams in which members can freely exchange information to jointly achieve the team
goal) found that network teams work faster and arrive at correct decisions more
frequently in complex environments than hierarchical teams (Schraagen, Veld, & De
Koning, 2010). These findings have been attributed to network teams’ better knowledge
exchange and high team member interaction. Another study by Van Dijk and Broekens
(2010) found that minimal virtual team member interaction and inflexibility in leadership
produced a slow learning curve and decreased performance because of the lack of
instruction to reflect or negotiate. Given these results, a form of training in early stage
virtual team development might promote the ability for teams to increase interaction,
improve team cognition, and minimize the cognitive load of individual team members.
Training in team processes positively influences team coordination and
performance. Powell, Piccoli, and Blake (2004) demonstrated virtual team training to
positively affect team performance because these communication training interventions
fostered team coordination and collaboration. Hackman and Wagemann (2005) suggested
another training approach, the so called “learning lessons,” which facilitates team
development by having team members review the team’s purpose, team goals, member
skills, and roles. Learning sessions in the form of “reflection” (i.e., reflexivity), have also
been found to be an important element in any learning environment. Universally,
however, the effectiveness of reflexivity in learning settings which might help to improve
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cognitive aspects in virtual teams has often been overlooked by trainers (Boud, Koegh, &
Walker, 1985). Reflexivity, though, might be a beneficial training procedure to improve
team cognition.
Reflexivity Theory
Reflexivity has been defined as the degree to which team members reflect upon
and communicate about the team’s objectives, strategies and team processes, and adapt
them to the team’s expected circumstances (West, 2000). Reflexivity has been found to
be closely related to increased levels of team performance (Brahm, 2009; Carter & West,
1998; Schippers, Homan, & Van Knippenberg, 2012; Van Ginkel & Van Knippenberg,
2009), innovation (MacCurtain, Flood, Ramamoorthy, West, & Dawson, 2010), higher
decision quality (Van Ginkel, Tindale, & Van Knippenberg, 2009), shared understanding
(Pieterse, Van Knippenberg, & Van Ginkel, 2011; Van Ginkel et al., 2009), and learning
(De Dreu, 2007; Schippers et al., 2012). Behaviors associated with reflexivity seem
similar to those of cognitive activities, which include questioning, planning, exploratory
learning, analysis, making use of knowledge, reviewing past events with self-awareness,
and creating a new awareness (Widmer et al., 2009).
West’s model of reflexivity (2000) posits an iterative process consisting of highly
interrelated components of reflection, planning, and action/adaptation (Widmer et al.,
2009). Planning has been identified by Widmer and colleagues as the bridge between
reflection and action/adaptation because reflection itself does not lead to change. During
the planning phase, goals are presented and strategies formed to achieve these goals,
which then are implemented in the action phase. Action/adaptation refers to goal-directed
behaviors relevant for achieving team objectives, strategies, and processes. The actions
carried out by team members lead to new information, which can lead to further
14

reflection, planning, and action as an iterative process. Hence, action/adaptation is an
important aspect of most learning cycles and is a procedure to practically test
assumptions. The relation between these three components is depicted in Figure 1.1.

Reflexivity

Action

Planning

Figure 1.1: Aspects of Reflexivity. (From West, 2000)

Reflexivity has also been identified as an important factor of team efficiency in
complex decision making teams (Carter & West, 1998). West has postulated that when
team members reflect on their team objective, strategies, team processes, and plan to
adapt these aspects and make changes accordingly, teams will be more effective (West,
2000). Reflexive teams have been shown to plan in detail, respond to a larger set of
environmental cues, and pay attention more extensively to long-term outcomes than nonreflexive teams (Widmer et al., 2009).
A recent study by Schippers and colleagues (2012) revealed that teams benefit
significantly from reflexivity when their initial performance is below a certain standard.
These teams reflect on their previous performance strategies and use their gained
knowledge to improve their future performance. In comparison, teams that initially
perform well have less motivation to learn from their previous interaction and reflexivity
might not automatically be followed by team learning. Team members might reflect on
15

their performance without needing to make any changes to the process. This research
suggests that the positive effect of reflexivity on team performance is restricted by the
potential of the team to benefit from being reflective. Other studies found that in complex
decision making environments, reflexivity aids teams in changing their course of action
to accomplish their mission goal (Carter & West, 1998; Hoegl & Parboteeah, 2006;
Schippers et al., 2012). Moreover, reflexive teams are capable of making effective use of
team members’ expertise and responding adaptively to both internal and external
environments. Team reflexivity interventions have been found to be a predictor of better
team effectiveness and performance, to the degree that thinking and communicating
about past experience will lead to better performance (Carter & West, 1998; Schippers et
al., 2012).
Team reflexivity has been argued to be particularly instrumental in creating a
shared understanding (Pieterse et al., 2011; Van Ginkel & Van Knippenberg, 2009).
Through collectively reflecting on the task, team members become aware of their own
and others’ task representations and possible differences in their representation (Van
Ginkel et al., 2009). Team reflexivity is a transition phase that occurs between
performance episodes (Marks, Mathieu, & Zaccaro, 2001), such that discussing
differences and reconciling group members’ task representations during reflexivity
creates a more shared and task-appropriate cognitive representation (Van Ginkel et al.,
2009). Exposure to alternative representations during reflexivity has also been shown to
increase the adoption of representations that are more beneficial to the quality of team
decision making (Van Ginkel et al., 2009). Even if differences in understanding task
representations stay unnoticed and affect group processes negatively, reflexivity can help
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team members to understand strategies and goals (Pieterse et al., 2011). A different
approach to study reflexivity was taken by De Dreu (2007), who captured systematic
information processing by using task reflexivity as a measure. Results indicated that
when task reflexivity was high, teams’ interdependence related to more information
sharing, learning, and higher levels of team effectiveness. Similarly, MacCurtain and
colleagues (2010) found that task reflexivity affects market innovation positively if
enough trust in team members’ competencies exists to collectively reflect on mistakes
and project failings. Overall, these findings are consistent with research demonstrating
that team-level reflexivity is beneficial for group performance (Gurtner, Tschan, Semmer,
& Naegele, 2007; Schippers et al., 2012; Van Ginkel & Van Knippenberg, 2009).
Reflexivity as a Mediator and Moderator
Research supports reflexivity as a mediator, yet research findings on a moderating
effect of reflexivity have been found to be more promising. Reflexivity has been
identified to be an important factor in mediating the effect of team learning to increase
performance (Widmer et al., 2009). In contrast, however, a study conducted by De Jong
and Elfring (2010) to test team reflexivity as a mediator that transmits the effect of trust
to performance found no mediating role of reflexivity on team performance, showing
reflexivity to be a moderator instead. Several studies identified reflexivity as a moderator
between factors of interest and team performance. Widmer and colleagues (2009)
indicated that reflexivity is an important moderator between diversity and team outcomes.
For example, less diverse teams seem to have no need to reflect on common goals
because they possess a shared understanding of the common goals. However, if the team
objective is unclear, team members seem to engage more in reflexive behavior. Further
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research supports reflexivity as a moderator between goal-orientated diversity and team
performance (Pieterse et al., 2011). Other research by Van Ginkel and Van Knippenberg
(2009) found reflexivity to be a moderator between the effectiveness of knowledge
distribution in engendering high-quality decisions. Based on the literature discussed,
reflexivity might also be a moderator for the relationship of cognitive activities and team
performance.
Guided Reflexivity Interventions
With the fast pace in work environments, teams might not have the time to find
cognitive, temporal, and physical space to reflect on the appropriateness of their
objectives, the effectiveness of their processes, and awareness of their changing situation.
Indeed, recent research demonstrated that teams often do not reflect spontaneously, but
that teams could benefit from targeted reflexivity interventions (Schippers et al., 2012).
In fact, there have been several initial studies that induce reflexivity in order to enhance
performance and productivity (Widmer et al., 2009). The term “guided reflexivity” was
first introduced by Gurtner, Tschan, Semmer, and Naegele (2007), who tested the ability
of guided reflexivity to provoke reflexivity within hierarchically structured teams.
Gurtner and colleagues based guided reflexivity on a three-stage model. The first stage
involves the team’s consideration on how the team has performed up to a point. The
second stage focuses on strategies for potential improvements, and during the final stage
teams develop plans on how the new strategies should be implemented. Between
experimental scenarios, reflexivity was implemented through written instructions to the
team members to reflect on the task either individually or by communicating with other
team members. Results showed that guided reflexivity has a positive effect on team
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performance. Reflexivity completed by team members individually was superior to team
reflexivity, perhaps because the team discussions of strategies were too general, as the
authors speculated. Thus, Gurtner and colleagues (2007) suggested focusing on taskadaptive strategies when implementing team reflexivity. For example, teams should
rethink and revise early adopted strategies to enhance team coordination.
Another study by Mueller, Herbig, and Petrovic (2009) examined students of
mechanical engineering who worked on a product development task. The authors defined
reflexivity in terms of discussing past actions and their outcomes on implicit team
knowledge. Their results indicated that teams that were instructed to collaboratively
reflect on their implicit individual knowledge or to communicate with their team
members about the task produced qualitatively better and more innovative products.
However, for teams in highly dynamic and complex environments, a reflexivity
intervention might be time-consuming. For that reason it is important to illuminate the
situations under which reflexivity is most profitable (Schippers et al., 2012). As proposed
by Schippers and colleagues, induced reflexivity might be a practical intervention for
team performance improvement after relatively poor or mediocre performance as judged
by external evaluators. Consequently, reflexivity interventions might support initial team
cognitive processes and thus enhance team performance in the initial stages of team
development.
Any team can be trained to make good strategy decisions in a given situation or be
trained in a specific task (e.g., work embedded training or hands-on practice; Gurtner et
al., 2007; Kozlowski & Bell, 2008), but such training is limited to the task and the
training environment. Specific training content for general training interventions would
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require extensive preparation in design and most likely be expensive and cost prohibitive.
Gurtner et al. (2007) proposed that guided reflexivity can be considered as an
intervention that stimulates teams to develop and implement task-adaptive strategies on
their own, in a way that time and effort are saved while task performance flexibility
increases. Hence, guided reflexivity interventions might be particularly applicable during
team development stages, especially in low performing teams (Schippers et al., 2012), in
highly innovative teams, and in complex decision-making teams that have extraneous
cognitive burdens. Large multinational military coalitions could also profit from these
guided reflexivity interventions where team members may have never worked together
before, do not meet face-to-face, nor are they likely to see each other again after the
mission has been accomplished (Schraagen, Veld, & De Koning, 2010).
Theoretical work on guided reflexivity interventions suggests that these
interventions can occur at three different time stages: before, during, or after the task has
been completed (Schippers, Den Hartog, & Koopman, 2007). An intervention before the
task is characterized by discussing the team goal, strategies, and processes. A reflexivity
intervention occurring during the team’s task is characterized by reviewing the team’s
process and correcting teams’ action taking. Reflexivity occurring after finishing the task
is characterized by evaluation of achievement and the way things were done. Placing
guided reflexivity interventions at the midpoint of task performance might be most
effective because team members have already received experience with the task and the
working process (Hackman & Wagemann, 2005). Furthermore, midpoint interventions
encourage reflection on team work strategies and have shown to increase performance as
well as contribute to personal learning of individual team members. In contrast, a strategy
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intervention implemented prior to the team task stimulated teams to perform poorly
compared to teams who had an obvious strategy at hand (Hackman & Wagemann, 2005).
During any guided reflexivity intervention the reflective processes must occur at a
conscious level, because only then can one evaluate prior decision making and adapt to
changes (Boud, Koegh, & Walker, 1985; Brahm, 2009).
Although there has been a substantial amount of research on reflexivity, there is
need for subsequent research on guided reflexivity interventions to explore how these
interventions might impact team cognition and overall team performance, as shown in
Figure 1. Also, the impact of guided reflexivity in different team sizes and task settings
needs further research (Gurtner et al., 2007). Most reflexivity interventions have been
conducted in teams of three (Gurtner et al., 2007; Van Ginkel et al., 2009; Van Ginkel &
Van Knippenberg, 2009), with an experiment by Gurtner et al. (2007) having used
dispersed hierarchical teams. The current experiment studied network teams of four,
where no direct leader was appointed. This design can shed light on the utilization of
guided reflexivity intervention in diverse team compositions. Given all the above, the
following was hypothesized: Hypothesis 1, Guided reflexivity interventions will enhance
team performance.
The team reflexivity literature is also limited in that most research has been
conducted on co-located teams as compared to virtual teams. Even though some research
postulates that virtual teams develop similarly to co-located teams (Johnsons et al., 2002),
the lack of initial face-to-face interactions and communication barriers might influence
team cognitive process development. Therefore this experiment will focus on cognitive
aspects in virtual teams and whether these can be improved through the means of guided
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reflexivity interventions in the initial stages of virtual team development. Specifically,
emergent team cognitive processes ‐ transactive memory and situation awareness ‐ were
examined.
Transactive Memory
Team cognitive processes, such as transactive memory, are emergent properties in
team development and have been found to build better team understanding and
communication (Cooke et al., 2007). The transactive memory system refers to a group
memory that consists of team members’ individual memory systems, the knowledge
about individual areas of expertise within a group, and the knowledge about the
capabilities of other team members — “who knows what” in the team (Wegner, 1986).
Transactive memory has therefore been identified as an individual concept of team
members’ expertise, whereas the transactive memory system is an aggregated construct
referring to memories distributed across the team.
Transactive memory enables team members to tap the expertise and experience of
other members as needed and lessens individual cognitive labor. For example, Tim does
not know how to calculate “net present value” using a spreadsheet, but he knows that his
team member Kate does. On the other hand, Kate does not know how to do market
forecasting, but she knows that Tim does. As they work together on a joint task that
requires both forecasting and net present value calculations, Tim and Kate can access and
use necessary knowledge that is distributed between the two of them. Thus, with a
transactive memory system, individuals gain knowledge that becomes beneficial to the
entire team process. As teams develop a transactive memory system, team members’
knowledge is specialized and members rely on one another’s credibility to remember
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other task-critical information (Lewis, 2003). Team members must combine individual
expertise for an effective transactive memory system that results in efficient coordinated
action. Coordination, therefore, depends on team members’ understanding of who has
what knowledge and how the knowledge fits together, both of which evolve as team
members develop the specialized knowledge and credibility characteristics of a functional
transactive memory system (Lewis, 2003).
Numerous studies have found a positive relationship between the transactive
memory system and group performance (Liang, Moreland, & Argote, 1995; Richter &
Lechner, 2009; Yoo & Kanawattanachai, 2001) and between transactive memory system
and the quality of decision making (Van Ginkel & Van Knippenberg, 2009). Liang and
colleagues (1995) found that participants who trained as a group in a radio assembly task
had significantly lower assembly errors and better procedural recall, through the use of
their transactive memory, than participants who trained individually. For example,
participants in the group training condition used their transactive memory to know how to
perform the task, know their members’ roles and expertise, and know their strengths and
weaknesses, in order to make better use of human resources.
Research has made efforts to identify further benefits of the transactive memory
system to teams. Yoo and Kanawattanachai (2001) investigated the effect of
communication volume of virtual team members on team performance during transactive
memory development. Particular to this study, the communication volume (how much
was communicated) among team members had an initial positive influence on team
performance. The positive effect, however, deteriorated as teams developed their
transactive memory system over time. Based on their findings, Yoo and Kanawattanachai
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(2001) suggested that virtual team members must, early in the team development process,
exchange their expertise and background information to quickly develop a transactive
memory system. Van Dijk and Broekens (2010) implied that the faster virtual teams can
create their transactive memory system when operating in a time pressured environment,
the faster successful collaboration occurs. Hence, through the early development of a
transactive memory system, team members are able to have quick coordinated access to
specialized knowledge so that a great amount of task-relevant expertise can efficiently be
brought to bear (Lewis, 2003).
With respect to these findings, overlapping resource knowledge in transactive
memory systems might elevate the memory capacity of a team to a level that is greater
than the sum of individual members (Liang et al., 1995; Wegner, 1986). This suggests
that transactive memory systems are more efficient than individual knowledge in teams in
which members do not interact. Other studies explored the proposition that transactive
memory system supports knowledge sharing at a team level (MacCurtain et al., 2010;
Rosen, Furst & Blackburn, 2007).Van Ginkel and Van Knippenberg (2009) found that
knowledge about the distribution of information-knowledge, “who knows what,” has
consistent positive effects on group information exchange and the quality of group
decisions. This result implies that team members’ knowledge influences their decision
making because it affects their understanding of the task. For virtual teams, Rosen and
colleagues (2007) postulate that one way to develop effective knowledge sharing is by
early transactive memory system development, where team members have the ability to
actively participate in the knowledge sharing process.
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Guided reflexivity interventions could be interventions that stimulate virtual team
members to actively develop a transactive memory system in early team development
stages. Only one study in the current research literature has actually examined the
moderator effect of reflexivity on transactive memory system development and better
decision making (Van Ginkel & Van Knippenberg, 2009). Van Ginkel and Van
Knippenberg studied three-person teams which functioned as an independent advisory
committee and aided three stores in making a decision about four interrelated issues.
Reflection was manipulated by means of written instructions that asked participants to
think about the group task and what would lead to high or low team performance on the
basis of their experience during the task. The results identified reflection as a moderator
of the effectiveness of distributed knowledge in engendering high-quality decisions.
Team members who engaged in a discussion when reflecting on the group task performed
better than when they did not reflect. This study confirms that building knowledge of
who knows what (i.e., transactive memory system) and sharing distributed information is
more likely when team members engage in reflection. Research has shown the positive
effect of transactive memory system development on team performance, and limited
research supports a beneficial moderator effect of reflexivity on transactive memory
system development. Still, questions remain regarding how guided reflexivity
interventions can beneficially moderate transactive memory system development in
virtual teams and how transactive memory systems might be associated with virtual team
performance.
In the current study, the relations between these variables were examined. Virtual
team members worked on an interdependent task and were given feedback about their
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task performance in the first scenario. Teams then engaged in reflexivity about the task or
discussed an unrelated topic during the discussion phase. Teams then worked on a second
similar interdependent task. During all phases, team members had the ability to
communicate with each other via “chat.” The extent to which teams developed a
transactive memory system was assessed. Based on literature discussed, it was
hypothesized that transactive memory systems would be stronger in the guided reflexivity
condition in the second scenario compared to the first scenario (H2). Guided reflexivity
would moderate the relationship between transactive memory systems and final team
performance such that transactive memory systems would be positively related to final
team performance for teams in the reflexivity condition and unrelated to final
performance for teams in the control condition (H 3).
Situation Awareness
Another aspect of team cognition is situation awareness, which has been
identified as a key component to achieve errorless missions in dynamic, highly complex,
and distributed operations (Endsley 2001; Endsley & Jones, 1997). Situation awareness is
the perception of elements in the environment relevant to task completion within time
and space, the comprehension of their meaning, and the projection to future situations
(Endsley & Jones, 1997). Whereas situation awareness is based on individuals’
perception of task relevant elements, understanding these elements in relation to the task
and being able to predict and anticipate future changes in the environment, transactive
memory is a memory system that holds knowledge about other team members’ areas of
expertise and capabilities. Hence situation awareness is directed towards the current
situation during task completion while transactive memory develops across time allowing
individuals to tap their resources– “who knows what” in the team (Wegner, 1986). Both
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situation awareness and transactive memory systems are similar in that researchers have
linked these cognitive properties to team performance.
Besides having situation awareness linked to performance, expertise, decision
making, and errors (Wright, Taekman, & Endsley, 2004), situation awareness has been
characterized as a pre-reflexive process of adaptation (Gorman, Cooke, & Winner, 2006).
In regard to teams, such adaptive cognitive processes require continuous coordination
among team members in order to achieve a common goal. Team situation awareness is
defined as the degree to which each team member possesses the awareness required for
the task (Endsley & Jones, 1997). Situation awareness in teams is partly the result of
team members’ interactions through communicating with each other that constitutes most
of the team’s coordination (Endsley & Jones, 1997; Schraagen & Van de Ven, 2011).
Team situation awareness is dependent on both the individual and shared situation
awareness. In team environments, shared situation awareness can be poor due to team
members’ lack of common ground or misunderstanding of information needs (Schraagen
& Van de Ven, 2011). Correct assessment of any situation is not always achieved; team
members may share a common but incorrect assessment of a situation (Kaber & Endsley,
1998). Teams might also have similar or dissimilar situation awareness, which limits the
accuracy of team situation awareness. Therefore, it is not sufficient for one member of
the team to be aware of critical information, as poor situation awareness of any team
member can lead to critical errors in performance and can result in severe implications
for process, safety and performance (Endsley & Jones, 1997).
Experimental research results on situation awareness have shown that early
collection and exchange of information, along with strategy development, are linked to
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high levels of situation awareness, and that high levels of situation awareness relate to
high performance levels (Cooke et al., 2007). Nevertheless, the literature on situation
awareness assumes too often that higher levels of situation awareness will yield better
performance, whereas poor performance occurs due to inaccurate situation awareness –
when no correct action for the situation is known or other factors limit correct action
(Endsley & Jones, 1997). Endsley and Jones (1997) found that situation awareness is
only significantly related to performance for those individuals who had the operational
and cognitive capabilities to utilize situation knowledge, and that lower levels of situation
awareness did not lead to poor performance if individuals realized their lack of situation
awareness and were able to modify their behavior accordingly. Thus, Endsley and Jones
postulate that high levels of situation awareness can be viewed as a factor that increases
the probability of good performance. Other research on situation awareness indicated that
situation awareness can improve knowledge coordination in virtual teams (Malhotra &
Majchrzak, 2012), and situation awareness has been implemented to advance design
function and heightened team performance in games (Pielot, Krull & Boll, 2010; Richter
& Lechner, 2011).
A critical foundation for team performance is the development of situation
awareness, the accuracy of situation awareness, and keeping situation awareness up to
date in rapidly changing environments (Endsley, 2001). Kaber and Endsley (1998)
suggest that particularly useful for intra-team situation awareness is the communication
of decisions to develop and maintain current situation awareness. The authors noted that
training interventions can be helpful in training team members to pass on information and
to provide feedback on the outcome of a particular action of other team members,

28

resulting in higher levels of situation awareness. Furthermore, situation awareness can be
developed by providing periodic situation-assessment updates and checking that all
members have a shared situation awareness (Schraagen & Van de Ven, 2011). Overall,
research on situation awareness furthers the understanding of cognitive aspects in team
processes and has shown that high levels of situation awareness facilitates decision
making, team coordination, and team performance (Endsley, 2001; Richter & Lechner,
2011).
Questions regarding guided reflexivity aiding in the development and
maintenance of team situation awareness, and whether reflexivity performs as a
moderator between situation awareness and team performance, are still remaining. These
findings would be new to both the situation awareness and reflexivity research literature,
because reflexivity has not been extensively studied in relation to situation awareness in
virtual teams, and no study to date has examined guided reflexivity intervention as a tool
for increasing situation awareness levels. The following was proposed, hypothesis 4:
Team situation awareness would be higher in the second scenario compared to the first
scenario. Reflexivity would moderate the relationship between situation awareness and
final team performance such that situation awareness would be positively related to final
team performance for teams in the reflexivity condition and unrelated to final
performance for teams in the control condition (H5).
Team Communication
Another factor important for investigating the effect of guided reflexivity on
transactive memory system development, situation awareness, and team performance is
team communication. Virtual teams are limited in their channel of communication which

29

makes it important to examine how team members without prior working history and
with space dispersion would benefit from overall team communication throughout their
working task. Recent studies suggest that knowledge and information sharing in virtual
teams is problematic due to temporal and spatial separation among team members and the
use of computers as the primary means of communication (Kanawattanachai & Yoo,
2007).
According to past studies on transactive memory and face-to-face environments,
teams develop transactive memory systems by using whatever relevant information is
available, including surface characteristics, assignments of the task, past experiences,
formal and informal communications among team members (Lewis, 2004; Yoo &
Kanawattanachai, 2001). However, due to the lack of such cues in virtual teams, virtual
environments make it challenging for teams to develop a transactive memory system. The
only way to overcome these challenges is through frequent and effective communication
among team members which is necessary for information exchange about expertise (Yoo
& Kanawattanachai, 2001). During transactive memory development, team members
develop a specialization of transactive memory in which links are created that point to the
respective knowledge of team members (Wegner, 1986). This memory enables team
members to store and retrieve information and knowledge efficiently. Team
communication is necessary, however, to update, complement or replace these memory
directories with new entries (Wegner, 1986).
Research by Richter and Lechner (2009) indicated that high performance virtual
teams can be observed by their team communication which enables teams to update the
transactive memory directory and retrieve information. Low performing virtual teams
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lacked understanding and a highly developed transactive memory system. Still, some
virtual teams were performing well with limited team communication in place. As
suggested by Kanawattanachai & Yoo (2001), virtual teams with highly developed
transactive memory systems often minimize their volume of communication leading to
faster successful collaboration without negatively affecting team performance. The act of
communicating in time pressured environments (e.g., World of Warcraft) can negatively
affect a virtual team’s ability to perform their task during the team effort (van Dijk &
Broekens, 2010).
Based on this research, communication about the team’s task was explored to
understand whether task communication in virtual teams decreases after team processes
have been established. More specifically it was of interest to measure communication
about the transactive memory to examine a) transactive memory development and b)
whether communication about the transactive memory decreases across scenarios.
Consequently, a high volume of team communication about task procedures (i.e., taskcentric communication) and their transactive memory system was expected to be seen
during the teams’ first scenario and the discussion phase, with less of this type of
communication for the second scenario. The following was hypothesized: Task-centric
communication would decrease across scenarios in the guided reflexivity condition, but
not in the control condition (H6). Communication about transactive memory systems
would decrease from scenario 1 to scenario 2 in the guided reflexivity condition with an
increase in communication during the discussion phase (H7).
Other components of a transactive memory system might be important to assess
communication about the transactive memory system. During the process of transactive
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memory development, team members must communicate to differentiate knowledge (i.e.,
specialize) between team members and evaluate knowledge credibility (Lewis, 2003). For
instance, in pilot testing, members reported to have specific expertise in “telephone base
assembly,” “circuitry,” or “snapping the phone together,” suggesting areas of
specialization. Also, team communication enables team members to gain understanding
of who has what knowledge and how the knowledge fits together (i.e., coordinate) that
ultimately leads to a functional transactive memory system (Lewis, 2003). It was of
interest to examine the effect of reflexivity on transactive memory communication
components: specialization, credibility, and coordination and their relation to final team
performance. It was hypothesized that the number of messages sent regarding transactive
memory communication components (i.e., team specialization, credibility, and
coordination) would be more pronounced in the guided reflexivity condition during the
discussion phase as compared to the control condition (H7a). Also a positive correlation
between transactive memory system communication and final team performance during
the discussion phase would exist (H7b).
Team communication is also crucial for situation awareness development and
awareness maintenance to coordinate actions (Endsley & Jones, 1997). Most of situation
awareness development across teams has been attributed to coordination and the transfer
of information from one team member to another (Endsley, 1999). To develop situation
awareness, coordination involves more than just sharing data; it also requires sharing
team members’ comprehension and projection of the situation. Further, early information
exchange along with strategy development has been linked to high levels of situation
awareness and increased performance levels (Cooke et al., 2007).
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A study by Bolstad and colleagues (2007) analyzed situation awareness in team
communication and its relation to team performance. Results of this research indicated
that teams that were highly occupied with perceiving information in their task
environment showed low performance. To the contrary, teams that communicated
extensively about actions and future states of the operating environment showed
increased performance. An example statement given by Bolstad and colleagues (2007) of
future state (i.e., projection) would be, “we probably want to do it somewhere in between
that way we are not easily detected.” Bolstad and colleagues (2007) suggested that
communication is a building block of situation awareness in teams and decision making
that underlies team performance. Therefore, a situation awareness analysis of team
communication might indicate the relation between situation awareness and team
performance. A high volume of team communication for developing situation awareness
should be seen during teams’ first task and the discussion phase. It was therefore
hypothesized that communication about situation awareness would decrease from
scenario 1 to scenario 2 in the guided reflexivity condition with an increase in
communication during the discussion phase (H8).
Based on the research by Bolstad and colleagues (2007), who found differences in
team performance in regards to team communication about situation awareness
components, it was of interest to examine the effect of reflexivity on situation awareness
communication components: perception, comprehension, perception, as well as action
and their relation to final team performance. Therefore, it was hypothesized that the
number of messages sent regarding situation awareness (i.e., teams’ perception,
comprehension, projection and action) would be more pronounced in the guided
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reflexivity condition during the discussion phase compared to the control condition
(H8a). It was also hypothesized that a positive correlation between communication about
situation awareness during the discussion phase and final team performance would exist
(H8b).
Recent studies suggest that reflexivity has positive effects on team
communication and that information sharing and elaboration about team tasks that are
performed are more likely to occur when team members engage in reflexivity (Ginkel &
Van Knippenberg, 2009). Other research also supports reflexivity as being beneficial for
information sharing and in creating a shared understanding to the degree that
communication about past experience and team processes lead to better performance
(Carter & West, 1998; Pieterse et al., 2011; Schippers et al., 2012; Van Ginkel & Van
Knippenberg, 2009). Yet, little is known about reflexivity communication and reflexivity
in virtual teams and the relation to final virtual team performance. To address this gap in
the literature the following was hypothesized: Communication about reflexivity would
decrease from scenario 1 to scenario 2 in the guided reflexivity condition with an increase
in communication during the discussion phase (H9). A positive correlation between
reflexivity communication and final team performance during the discussion phase would
exist (H9a).
Summary & Research Design
Given the importance of the emergence of transactive memory systems and
situation awareness in virtual teams, this research investigated whether guided reflexivity
interventions could enhance transactive memory systems, situation awareness, and
performance in the initial virtual team development stages. Initial virtual team
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development stages were defined similar to the Punctuated Equilibrium framework by
Gersick (1998). Virtual teams first interact to establish strategies and approaches to
accomplish the task during the task completion phase (i.e., training phase), the second
stage sets the direction for the second task completion phase where the outcome has
become the focus of the team’s attention as the team further develops and interacts (i.e.,
scenario 1), and a potential midpoint stage where virtual teams undergo reflexivity of
group strategies, procedures, and goals that are applied in the upcoming task completion
phase (i.e., scenario 2). These initial virtual team development stages might be out of
sequence for some virtual teams with stages happening earlier, later, or several times
during team development or happening not at all. Guided reflexivity interventions might
therefore be important for “on demand” virtual teams that must achieve high performance
in early team development stages. The benefits of guided reflexivity could also yield a
competitive advantage by implementing a training intervention to develop transactive
memory systems and situation awareness.
This experiment examined how guided reflexivity interventions influence team
performance and team cognitive processes such as the transactive memory system and
situation awareness. Of particular interest was how guided reflexivity interventions might
act as a moderator between transactive memory system or situation awareness variables
and team performance. This experiment also investigated team communication
throughout scenarios and the intervention phase, providing significant insight on
transactive memory-based, situation-based and reflexivity-based communication in
virtual teams’ early development. The relationship of team communication components
to final team performance was also examined.
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The present experiment used a 2 (discussion phase: guided reflexivity
intervention, control) x 2 (scenario: 1 and 2) mixed factorial design. The discussion phase
was manipulated between subjects and scenario was repeated within subjects. The
discussion phase consisted of either the guided reflexivity intervention condition, where
teams were instructed to commonly reflect on the team’s strategy, or the control
condition with no guided reflexivity intervention. Performance was measured during both
of the two scenarios. The extent of transactive memory system and situation awareness
was measured after each scenario.
Hypotheses
In sum, the following are hypothesized (See Figure 1.2 for a depiction of all
variables involved in the study and hypotheses):
1. Guided reflexivity enhances team performance.
2. Transactive memory system is stronger in the guided reflexivity condition in the
second scenario.
3. Guided reflexivity moderates the relationship between transactive memory system
and final team performance, such that transactive memory system is positively related
to final team performance for teams in the reflexivity condition and unrelated to final
performance for teams in the control condition.
4. Team situation awareness is higher in the guided reflexivity condition in the second
scenario.
5. Guided reflexivity moderates the relationship between situation awareness and final
team performance, such that situation awareness is positively related to final team
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performance for teams in the reflexivity condition and unrelated to final performance
for teams in the control condition.
6. Communication about the task decreases across scenarios in the guided reflexivity
condition.
7. Communication about the transactive memory system decreases from scenario 1 to
scenario 2 in the guided reflexivity condition, with an increase in communication
during the discussion phase compared to both scenarios.
a. Messages sent regarding transactive memory communication components (i.e.
team specialization, credibility, and coordination) are more pronounced in the
guided reflexivity condition during the discussion phase compared to the
control condition.
b. A positive correlation between communication during the discussion phase
about the transactive memory system and final team performance exist.
8. Communication about situation awareness decreases from scenario 1 to scenario 2 in
the guided reflexivity condition, with an increase in communication during the
discussion phase compared to both scenarios.
a. Messages sent regarding situation awareness (i.e., teams’ perception,
comprehension, projection and action) are more pronounced in the guided
reflexivity condition during the discussion phase compared to the control
condition.
b. A positive correlation between communication about situation awareness
during the discussion phase and final team performance exist.
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9. Communication about reflexivity will decrease from scenario 1 to scenario 2 in the
guided reflexivity condition, with an increase in communication during the discussion
phase compared to both scenarios.
a. A positive correlation between communication about reflexivity during the
discussion phase and final team performance exist.
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Figure 1.2. Overview of all Variables and Hypotheses.
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CHAPTER II

METHOD

Participants
Undergraduate students from The University of Alabama in Huntsville (N =
216) participated in exchange for credit in their introductory psychology classes. Of the
40 intact teams (N = 120), the mean age of participants was 22.76 years (SD = 6.49), and
women comprised 60.6 % of the sample. Participants self-identified as 69.4% Caucasian.
From the initial 54 teams, three teams were excluded due to network
problems that led to loss of data, or performance outliers. Inspection of the
communication log in 10 teams revealed that they did not discuss the provided discussion
question during the discussion phase, but were chatting about non-task related topics, and
for this reason these teams were excluded. In another team, team members stopped
working on the task in the last scenario; therefore, their performance in the last scenario
did not correspond with previous task accomplishments. The data of 40 intact teams (N =
120) were included in the analyses. Participants under the age of 19 were required to have
parental consent, and all APA ethical guidelines were followed (See Appendix A for
UHSC form).
Materials and Apparatus
NetOpFeuer 2.0 Simulation. The NetOpFeuer 2.0 computer simulation was
used for this investigation. NetOpFeuer (Network Operation Fire) is a computer
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simulated, team-based fire-rescue simulation. During play, team players observed a
terrain composed of villages and forests. Each player was provided with one fire rescue
unit (i.e., a fire truck or helicopter). The task of the players was to protect villages and
forests from fire and reduce fire eruptions. This required continuous observation of the
terrain, players’ information exchange, and integration of information concerning
erupting fires. Players were able to exchange information and discuss procedure and
strategies via a chat system.
The simulation was displayed on a 17-inch monitor with a viewing distance of
approximately 50 cm. NetOpFeuer is a microworld designed for both empirical studies
and training to develop skills in the area of network centric command and control
operations. Therefore, the intended design of the simulation was optimal for research
involving complex and dynamic environments, transactive memory system, and situation
awareness development. The game challenged team members to collectively complete
tasks through role interdependency, different player resources, and lack or partial
information availability to individual players. The game also confronted players with
complex, novel, and uncertain situations. DiFonzo and colleagues (1998) stated that
microworlds like NetOpFeuer provide high levels of experimental control and offer
experimental realism. The NetOpFeuer microworld puts a team of people in charge of an
emergency response unit during a major fire event in a populated area. The fire model in
the simulation generates forest and building fires that have characteristics of complex
adaptive systems (i.e., self-organization and non-linear growth). The situation evolves
over time as a function of human intervention. The resources that can be integrated in the
simulation are units such as fire-engines and helicopters.
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NetOpFeuer had two major goals for the players: to save as many buildings and as
much forest from fire as possible. The evaluation of these two variables was
automatically measured and appeared in the status column to the right of the game
window after the game was over. Besides these two game goals, there were a number of
other goals that had to be accomplished by players. These included finding water towers,
observing water levels, setting priorities in fighting fire, and making team agreements.
Specific information about a fire unit’s characteristics such as water supply, speed, fuel
consumption, and the fire extinguishing force were specific to each unit. Thus,
information needed to be shared through the chat system in order for players to
understand the entire team situation.
Scenarios. The stimuli consisted of three game-based scenarios. All three
scenarios were created to generate dynamic situations with changing conditions, time
constraints, and unclear solutions that call for team coordination and communication. The
first scenario was a training scenario of 10 min that familiarized the teams with their task
and the microworld simulation. The training scenario consisted of the lowest difficulty
level of the scenarios. Both main scenarios were used for both research conditions and
were congruent in complexity and difficulty (Berggren, Alfredson, Andersson, &
Granlund, 2004). The only difference between the first and second main scenario was
that the game map had been turned 180 degrees to create a new game environment.
Congruent complexity and difficulty of scenarios were important because this allowed
observing the effect of guided reflexivity on transactive memory system, situation
awareness, and team performance. Also it excluded the possibility that the performance
results were solely impacted by the difficulty level or complexity of the final scenario, as
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these were equal across scenarios. The potential for an effect of experience/learning was
determined in the control condition. The two main scenarios lasted 15 min each.
Task. The task that was used for this study was a virtual team fire-rescue task,
comparable to the task used by Berggren and colleagues (2004). Four team members
worked on different computers connected via internet. They communicated exclusively
through a chat system that allowed sending and receiving typed text messages. The teams
had a network team structure, with four different expert roles. Participants were randomly
assigned to one of the cross-functional roles. The team task was to coordinate actions
among team members and to collaborate to understand where fire emerges, to reach the
fire, and to extinguish the fire as quickly as possible. For both the training and
experimental tasks, instructions were provided to participants regarding the task,
strategies, and conditions.
Training and Game Strategy. Before the training scenario, the team participated
in a training session. A slide show on the task and fire engine operations was presented,
followed by hands-on training on the computer. Special emphasis was placed on learning
how to use the chat system and where to find role-specific-information. Since research
has indicated that discussion about strategy use prior to the task results in poor
performance compared to teams who were given an obvious proceeding strategy
(Hackman & Wageman, 2005), participants were provided with a gaming strategy that
could be implemented. The gaming strategy recommended teams to divide up field
sections for a faster response in case of a new and fast erupting fire. Teams were not
required to use the particular strategy and were encouraged to develop their own. Teams
then completed the training scenario of a 10 min duration. Throughout all trials and
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during training, several teams were in the same room working on the task. Each team
member was working at a different computer in their specific role. To facilitate virtual
teamwork, team members were unaware of who their team mates were and were not
allowed face-to-face interaction with other players.
Installing and Starting the Game. Two game folders with one condition per
folder were copied into a new folder on the designated lab computer. Each game folder
included a subfolder (“config”) containing the game scenarios and instructions, as well as
a subfolder that logged all simulation activities. Several other files, including
“Start_NetOpFeuer.bat,” and questionnaire links were present in each game folder. To
play the multiplayer game, the “.bat” file was clicked with a double mouse click. This
started the game. A program window “cmd.exe” was displayed which continued running
in the background during the game. This window was not closed, as this would have
caused a game abort. Seconds after, the game home screen appeared followed by the
actual menu screen. The menu window could be set to full screen mode by clicking the
“maximize” icon in the right corner of the window.
The experimenter opened the game before the participants started their session to
hinder a game abort. The menu window displayed the actual playing surface, most of
which was occupied by the field screen. Below the playfield screen on the left hand side
were buttons for players “New Game,” “How to Play,” “Instructions,” and “More.” To
the right was the chat textbox that allowed communication between team players. On the
right side was also a demonstration modus, an information field displaying specific
information about the units and the unit status (e.g., percent of forest saved, water tank
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level, vehicle speed). More game information including wind direction, wind speed, and
timer were displayed in the right column.
To start the game, the button “New Game,” located on the menu screen above the
button “Instructions” was clicked by the players. In the “popped up” game entry screen,
players first entered their assigned player’s name and added the assigned participant
number (e.g., homer101). One team member was hosting the game, and was therefore
referred to as the “host.” The host selected the button “Start the game” after which a
“Waiting for clients” window appeared. In the chat window the message: “0: host
homer101entered the game” was displayed. The other three players participating in this
game were called “clients.” To join the game initiated by the host, the clients selected the
same game as the host and marked the button “Join Game.” Then, the previously gray
field “IP of the host” opened up and the clients entered the provided “host IP” address.
This procedure connected the four players to play in the game. Upon entry, the clients
clicked the “Join Game” button. In the chat window the message: “1: client elsie102
entered the game,” appeared whereby the clients were numbered by the system in their
order of entry (0 = host, 1= 1st client, 2= 2nd client, 3= 3rd client). After all three players
joined the game; the host clicked the “OK” button of the “Waiting for clients” window,
which started the game immediately.
After the game had started, team players selected, with a left mouse click, the
assigned unit. Units in NetOpFeuer were partially autonomous agents; they needed to be
dispatched to specific locations to do their work, see Appendix B for “Training Sheet.”
Players had to select the unit, and via mouse click, move to the desired destination. The
units automatically attempted to extinguish fire with water when they arrived at a fire.
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The firefighting units could succeed (extinguishing the fire), run out of water, or be too
late and the fire had burned everything in the area (i.e., the area turns black). Both fireengines and helicopters could refill their water reservoirs at the water towers placed at
various locations. At all times the players could see the exact water level of their own
unit in the status information box. Team players could directly interact with each other
via chat by entering text in the textbox next to the word “Chat” and click “Send.” Each
message sent was associated with the player number. Their player name was displayed
together with their number upon game entry “1: client elsie102 entered the game.” The
text was displayed in the window above, and new text appeared in red for 5 seconds.
When the game was over, the system automatically opened a window. After the players
clicked “OK” at the bottom right in the status window the achieved results were
displayed in percentages (e.g., forest saved: 60%, buildings saved: 45%).
Topics during the Discussion Phase. Between the two scenarios, participants in
the guided reflexivity conditions were instructed to reflect on the fire-rescue task. Each
participant received instructions that described in three steps how to engage in reflection
on the task (Gurtner et al., 2007). Step one suggested reviewing task performance: “How
did you ask for unit information? How did you pass on information? How was the team
organized?” Step two instructed participants to consider potential improvements in
performing the task: “Are there alternatives to your chosen task performance procedures,
and if so, what are they?” Step three asked participants to develop suggestions for task
improvement for the future scenario. The instructions did not suggest specific strategies
for the task. The team members discussed the questions as a team via the chat.
Participants in the control condition were asked to discuss via chat “the conditions to
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professional success in the workplace.” This topic was unrelated to the fire-rescue task as
implemented by Gurtner and colleagues (2007). The reflexivity and the control
conditions were implemented before the second experimental scenario, which was the
midpoint of the two experimental scenarios. Based on research by Hackman and
Wageman (2005), this was an optimal point in time to reflect on performance strategies.
Measures.
Transactive Memory System Scale. Participants reported their knowledge about
other team members, the interdependence within the team, and the trust in other
members’ capabilities by completing the Transactive Memory System Scale (Lewis,
2003). The scale (Lewis, 2003) was theoretically based on Wegner’s (1986)
conceptualization of transactive memory. Three subscales of the Transactive Memory
System Scale measure captured the specialization, credibility, and coordination behaviors
in teams. Team members responded to the 15 item scale using a 5 point Likert-type scale,
with 1 representing “strongly disagree” and 5 “strongly agree.” Internal reliability of
subscales at the individual and team level have shown to be acceptable (Lewis, 2003), α
level above .79. Also good convergent, divergent and criterion related validity tests for
construct measures of transactive memory system were found by Lewis (2003). The
Transactive Memory System Scale was of importance to observe whether reflexivity had
effects on the transactive memory system and a connection to team performance. See
Appendix C-1.4. for the Transactive Memory System Scale items.
Situation Awareness Rating Technique. To assess participants’ perceived
situation awareness, the Situation Awareness Rating Technique (Taylor, 1990) was used.
Previous research indicated that perceived situation awareness relates to performance
(Endsley et al., 1998). Therefore, the Situation Awareness Rating Technique was used to
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examine the perception of team members’ situation awareness and explore whether
situation awareness was influenced by guided reflexivity interventions leading to better
performance. Participants rated 10 items on a 7 point Likert-type scale (1 = low; 7 =
high) indicating their perceived demand on resources (i.e., dependent on complexity of
situation), supply on resources (i.e., dependent on concentration and attention), and
understanding of the situation. The three subscales were then combined to provide an
overall situation awareness score.
Several validation studies have been conducted and have revealed only mediocre
internal reliability and construct validation of the scale (Selcon & Taylor, 1990; Taylor,
1990). Other research questions the validity of the Situation Awareness Rating Technique
(Stanton, Salmon, & Walker, 2005). Nevertheless, the Situation Awareness Rating
Technique offered advantages over other situation awareness measures in that it has
widely been used in a number of domains, is applicable in real world tasks, is unobtrusive
to the primary task, and is quick and easy to administer (Endsley et al., 1998; Stanton et
al., 2005). Other objective situation awareness measures, such as the freeze probe
technique Situation Awareness Global Assessment Technique (SAGAT), have been
subject to numerous promising validation studies (Endsley et al., 1998). During a freeze
probe technique, situation awareness related queries are presented during ‘freezes’ in the
simulation of the task under analysis. Yet, SAGAT’s administration is limited to the
aviation domain, and has been found to be intrusive to the primary task as well as
requiring expensive simulations of the system and task under analysis (Stanton et al.,
2005). Thus, compared to other situation awareness measures and despite its limitations,
the Situation Awareness Rating Technique was chosen as a preferred general method for
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examining the effect of guided reflexivity intervention on situation awareness (Appendix
C-1.3. for Situation Awareness Rating Technique items).
Objective Situation Awareness Questionnaire. In addition to the subjective
Situation Awareness Rating Technique, an objective measure of individual situation
awareness was created for this experiment. To measure objective situation awareness, 10
items were developed based on events that occurred during scenario one and scenario two
of the fire-fighting tasks. These questionnaires were specific to the participants’ task.
Participants answered multiple-choice questions with one answer per question being
correct. Sample items include “Did a fire break out during the first minute of the game?”
(Yes, No, I was not aware of this), “Was the speed of the helicopter faster than the speed
of the fire engine” (Yes, No, I was not aware of this). For two items, a picture of the
game field was shown with three answer choices marked, a sample item “In which game
field did the first fire break out?” (A, B, C). A disadvantage of the Objective Situation
Awareness Questionnaire is that it relies on memory and thus might not provide a true
reflection of situation awareness (Endlsey et al., 1998). However, both situation
awareness measures combined may provide a better situation awareness analysis and
observation of the effect of reflexivity on situation awareness and team performance. See
Appendix C-1.1.,-1.2. for the Objective Situation Awareness Questionnaire items.
Demographics. Basic demographic information such as age, sex, and ethnicity
were collected at the end of the experiment. An additional question of interest regarding
familiarity with video games was also included at the end of the demographic
questionnaire, see Appendix C-1.6. for demographic questionnaire items.
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Team Performance. The NetOpFeuer System measured performance
automatically by evaluating how many buildings and how much of the forest were saved
from fire. Performance was indicated as a percent of the saved surface displayed in the
status information column. Performance on scenario 2 was used as a dependent variable
in many analyses. For all analyses, team performance measures were z-score transformed
for proportional data. However, performance is reported in percentages in the descriptive
statistics of this document.
Manipulation Check. As a manipulation check for the reflexivity manipulation,
participants completed a four item reflexivity scale (Schippers et al., 2012). The four
items were adjusted from Schippers, Den Hartog, and Koopman (2007) to fit the context
of the task already performed. Sample items are: “The team reviewed its objective” and
“the method used by the team to get the job done was discussed” (1 = strongly disagree; 5
= strongly agree), α = .73 (Schippers et al., 2012). Schippers and colleagues (2007) found
good discriminant validity for reflexivity as a measure of the construct. The reflexivity
scale served as an indicator for whether teams have actually reflected upon their task
performance and developed an alternative performance procedure for the final scenario
(Appendix C-1.5. reflexivity scale items).
Questionnaire Administration. Questionnaires were completed by participants
on the computer using Survey Monkey at two different time points, after scenario 1 and
after scenario 2. The first questionnaire set included the Transactive Memory System
Scale, the Objective Situation Awareness Questionnaire, and the Situation Awareness
Rating Technique. The second questionnaire set contained the Objective Situation
Awareness Questionnaire, the Situation Awareness Rating Technique, the Transactive
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Memory System Scale, the Reflexivity scale, and demographics (see Appendix C). For
direct access the questionnaire links showed on participants’ computer taskbar that by
mouse click opened to the assigned set of questionnaires. Participant responses to
questionnaires were collected directly via Survey Monkey to allow high accuracy and
efficiency in the data-collection procedures (DiFonzo, Hantula, & Bordia, 1998).
Procedure
On arrival participants were seated in front of a personal computer with a range of
4-20 participants per session and a median of 16 participants per session. After informed
consent was obtained, participants received their participant number, were randomly
assigned to a virtual team and to one of the guided reflexivity conditions. The general
procedure was explained and the standardized training procedure began. After the 20 min
training that included the 10 min practice scenario, teams began scenario 1 lasting 15
min. Immediately after completing the scenario 1, participants filled out the first
questionnaire set. Participants then “chatted” during the 10 min discussion phase.
Directly after, teams played their scenario 2 for 15 min. Upon completion, participants
filled out the second questionnaire set. Neither performance goals nor performance
rewards were given to individuals or to the teams. Participants were finally debriefed,
assigned activity points for their classes, and dismissed. The entire session lasted
approximately 120 minutes. Data on the behavior of team members during the scenarios
were collected through a computerized protocol that recorded all actions and
communication exchange.
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CHAPTER III

RESULTS

Reliability Statistics
Prior to analyses, Cronbach’s alphas were calculated for the Transactive Memory
System Scale, the Reflexivity scale and Situation Awareness Rating Technique to verify
that the internal consistency of these scales was adequate for the obtained sample. The
internal reliability for the Transactive Memory System Scale α = .86 at scenario 1 and α =
.81 at scenario 2, and for Reflexivity α = .86 were found to be acceptable. The internal
reliability for the Situation Awareness Rating Technique confirms prior research findings
of mediocre internal consistency, α = .60 at scenario 1 and α = .68 at scenario 2 (Selcon
& Taylor, 1990; Taylor, 1990). See Table 3.1 for the means, standard deviations, and
team level correlations between variables.
Manipulation Check
The effectiveness of the manipulation check for the reflexivity manipulation was
evaluated by performing an independent sample t-test. Teams in the guided reflexivity
condition had significantly higher reflexivity scores (M = 4.28, SD = .37) than teams in
the control condition (M = 3.85, SD = .58), t (38) = 2.72, p < .05, d = 1.86, resulting in
evidence of an effective manipulation.
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Table 3.1
Means, Standard Deviations, Aggregate Team Level Intercorrelations, and Cronbach
Alphas
Variable

M

SD

1

2

3

4

1. Performance 1

a

61.86

8.00

_

2. Performance 2

a

66.10

7.09

.238

3. TMS S1

52.29

5.68

.399**

.217

.86

4. TMS S2

65.25

5.41

.317*

.196

.948**

.82

5. OSA S1

5.65

0.82

.334*

.210

.120

.063

6. OSA S2

6.53

0.79

.003

-.019

.302

.446**

5

_

_
-.086

Note. N = 40 teams.
a
Correlations are based on z-score transformed percentages.
* p < .05.
** p < .01.
TMS S1 = Transactive memory system scores of scenario 1
TMS S2 = Transactive memory system scores of scenario 2
OSA S1 = Observed situation awareness accuracy of scenario 1
OSA S2 = Observed situation awareness accuracy of scenario 2

Aggregation of Data
The experiment focused on a team-level dependent variable (i.e., team
performance) therefore aggregation of individual-level variables to the team level was the
most appropriate method to test hypotheses. For the aggregate analysis, a one-way
ANOVA was performed to examine whether the variability between teams was larger
than the variability within teams. If a significant effect was found, scores were averaged
across teams.
A one-way ANOVA was computed for transactive memory individual scores at
scenario 1 and at scenario 2 to examine whether the variability between teams was higher
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than the variability within teams, as indicated by a main effect of team. Transactive
memory at scenario 1 varied significantly between teams, F (39, 120) = 1.97, p < .05,
η2 = .39. There was also a significant difference in the transactive memory between teams
at scenario 2, F (39, 120) = 1.96, p < .05, η2 = .39. A significant difference between
teams was also found for reflexivity, F (39, 120) = 2.74, p < .05, η2 = .47. Besides this,
rwg, a measure of within group agreement that is often used to consider whether
aggregating to the team level is justified was computed (Bliese, 2000). According to
Brown and Hauenstein (2005), values above 0.70 indicate a “good” within teaminterrater agreement. Total rwg individual scores were 0.85 for transactive memory
scenario 1, 0.86 for transactive memory scenario 2, and 0.79 for reflexivity, suggesting
that aggregating to the team level is justified.
Perceived situation awareness was also measured at the individual level and
needed to be evaluated in terms of the appropriate level of analysis. For the purpose of
this study, the perceived individual situation awareness scores were summed to obtain an
overall team score, against which other teams could be compared (Cooke & Gorman,
2006). A one-way ANOVA revealed no significant difference between teams at scenario
1, F (39,120) = 0.87, p = .69, or scenario 2, F (39,120) = 1.10, p = .34. No significant
difference between teams was found indicating that variance within teams was greater
than variance between teams. Therefore, perceived situation awareness could not be
analyzed at the team level and was excluded from further analysis.
Teams might have similar or dissimilar situation awareness, which does not
assure that the team is highly accurate with their situation awareness (Kaber & Endsley,
1998). Therefore, objective situation awareness accuracy was measured by the number of
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correct scores for each individual team member, which was then averaged across team
members (Cooke, Salas, Cannon-Bowers, & Stout, 2000). For example, the team member
controlling the helicopter might have 4 correct responses and the team member
controlling the fire engine might have 6 correct. In this example, the scores would be
averaged to get a team accuracy score of 5. This analysis has been used by experts in
teamwork such as Cooke and colleagues (2000) who additionally stated that two team
members could have 100% similarity but 0% accuracy if they both responded incorrectly
to the same questions. To determine the accuracy, the responses of each team member
were compared to the expert referent model (Cooke et al., 2000). The expert referent
model was developed based on the correct answer of each multiple choice question of
events that occurred during scenarios 1 and 2. Table 3.2 provides an overview of means
and standard deviations of team performance and all aggregated variables.

Table 3.2
Performance & Means for all Aggregated Variables_____________________
Scenario 1
Condition

Mean (SD)

Scenario 2_______
Mean (SD)

____

Performance
Guided Reflexivity

59.88% (7.31)

68.38% (7.05)

Control

63.88% (8.33)

63.80% (6.51)

Guided Reflexivity

53.96 (5.62)

55.68 (5.11)

Control

50.61 (5.37)

52.23 (5.29)

Transactive Memory System Scores

Observed Situation Awareness Accuracy
Guided Reflexivity
______Control

5.52 (0.86)

6.61 (0.89)

5.78 (0.78)

6.45 (0.68) _____
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Hypothesis Testing
Effects of Guided Reflexivity on Team Performance. Hypothesis 1 stated that
the guided reflexivity intervention would enhance performance for teams in the guided
reflexivity condition. The hypothesis was tested with an independent z-test for
proportions. Teams in the guided reflexivity condition displayed significantly higher
team performance in scenario 2 with an average performance of 68.38% (SD = 7.01),
compared to an average performance of 63.80 % (SD = 6.51), z = 2.13, p < .05, in the
control condition. Also a significant difference between scenario 1 and scenario 2 was
found for the guided reflexivity condition z = 3.74, p < .05, but not in the control
condition z = 1.61, p = 0.11. This finding supports hypothesis 1 and indicates that teams
in the guided reflexivity condition have significantly higher and improved performance
compared to teams in the control condition. See Table 3.2 for means and standard
deviations.
Effects of Guided Reflexivity on the Transactive Memory System. Given that
the guided reflexivity intervention could be expected to influence transactive memory
system scores, an analysis was conducted to examine whether the transactive memory
system differed as a function of time or condition. Hypothesis 2 predicted that the
transactive memory system would be stronger in the guided reflexivity condition in
scenario 2 compared to scenario 1. A 2 x 2 ANOVA was conducted with scenario as a
within subjects factor and condition as a between subjects factor. There was a significant
main effect for Scenario, F (1, 38) = 32.96, p < .05, ηp2 = .46, and for Condition, F (1, 38)
= 4.16, p < .05, ηp2 = .10. However, contrary to the hypothesis there was no significant
interaction between Scenario and Condition, F (1, 38) = .03, p = .86. Refer back to Table
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3.2 for the means and standard deviations of the transactive memory system as a function
of scenario and condition. Given that transactive memory scores in scenario 1 of the
guided reflexivity condition were higher than those in the control condition, difference
scores were computed by deducting transactive memory scores of scenario 1 from
scenario 2. A follow-up independent t-test revealed no significant difference between the
guided reflexivity (M = .11, SE = .03) and control condition (M = .11, SE = .03),
t (38) = .17, p = .86, indicating no effect of reflexivity on transactive memory
development. Hypothesis 2 was therefore not supported because transactive memory
system scores did not significantly increase in the guided reflexivity condition in scenario
2 compared to the control condition. This might have occurred because of carry over
effects and communication exchange during scenarios.
Moderator Effect of Guided Reflexivity Between Transactive Memory
System and Team Performance. Hypothesis 3 predicted an interaction between
reflexivity and transactive memory system on final team performance. A multiple
regression was conducted to test this prediction. Prior to analysis, all continuous
independent variables were mean centered and a dummy variable was created
representing the condition (control = 0; guided reflexivity = 1). In the multiple regression
reported in Table 3.3, condition and transactive memory system were entered into the
analysis first, followed by the interaction term. To control for effects of earlier
performance, performance of scenario 1 was entered as a covariate. Overall, the analysis
yielded a significant interaction of condition and transactive memory system,
F (4, 35) = 4.77, p = .004, and β = 4.11, p < .05, which accounted for approximately 35%
of the variance of final performance (R2 = .35, R2adj = .28).
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Table 3.3
TMS Regressions with Dependent Variable Performance during Scenario 2
Model 1
β
SE
Control Variable (covariate)
Performance 1
.37*
.17
Main Effects
Guided Reflexivity (dummy variable)
.44*
.34
TMS S2
- .06
.03
Model 2
β
SE
Control Variable (covariate)
Performance 1
.45**
.16
Main Effects
Guided Reflexivity (dummy variable)
- 3.59*
2.91
TMS S2
-.48*
.04
Interaction
TMS S2 x Reflexivity
4.11*
.05
2
2
2
2
Note: Model 1 R = .22*, R adj = .16; Model 2, R = .35*, R adj = .28; N = 40; 160 persons
* < .05.
** < .01.

As can be seen in Table 3.3, in Model 2 with the control condition as the referent
group, guided reflexivity had significant negative regression weights, indicating teams
that reflected more were expected to have lower performance scores in scenario 2, after
controlling for performance in scenario 1. Transactive memory scores had a significant
negative weight, indicating that after accounting for guided reflexivity, those students
with higher transactive memory scores were expected to have lower performance scores
in scenario 2. The interaction was also significant, indicating that the effect of transactive
memory on performance is higher for the guided reflexivity condition compared to the
control condition. Model 1 accounted only for approximately 22% of the variance of final
team performance. Guided reflexivity had significant positive regression weights,
indicating teams that reflected more were expected to have higher performance in
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scenario 2, after controlling for performance in scenario 1. Transactive memory did not
contribute to the regression model.
To determine the nature of the interaction, a simple slope analysis was performed
(Schippers et al., 2012; Simon, 2009). Because condition (i.e., guided reflexivity or
control condition) was a categorical variable, another separate regression was conducted
in which the guided reflexivity condition served as the referent group. Testing the simple
slope in each condition provided the appropriate test of significance. For teams in the
guided reflexivity condition, transactive memory was not significantly related to final
team performance, β = -.09; t = - .533, p >.05. For teams that received no guided
reflexivity intervention, the transactive memory system was negatively related to final
team performance, β = -.48; t = -2.15, p < .05. Hypothesis 3 was therefore not supported,
indicating that guided reflexivity does not moderate a positive relationship between
transactive memory system and team performance, but prevents a negative relationship
between the transactive memory system and team performance.
Effects of Guided Reflexivity on Situation Awareness. Hypothesis 4 stated that
an interaction would exist between condition and scenario for situation awareness. Team
situation awareness was predicted to be higher in the guided reflexivity condition in the
second scenario compared to the first scenario. A 2 x 2 ANOVA, with scenario as the
within subject factor and condition as the between subject factor, was performed to
examine objective situation awareness accuracy. There was a significant main effect for
Scenario, F (1, 38) = 22.20, p < .01, ηp2 = .37, but no significant main effect for
Condition, F (1, 38) = .07, p > .05. Also, no interaction between Scenario and Condition
was found, F (1, 38) = 1.22, p = .28. Therefore, hypothesis 4 was only supported for
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objective situation awareness accuracy having an increase from scenario 1 to scenario 2.
This implies that the effect is not due to the guided reflexivity alone but might be a
practice effect or carryover effect stimulated by communication exchange. The means
and standard deviations for objective situation awareness accuracy and scenario are
presented in Table 3.2.
Moderator Effect of Guided Reflexivity between Situation Awareness and
Team Performance. A moderated regression analysis was performed to analyze
objective situation awareness accuracy and its association with team performance under
the condition of guided reflexivity compared to the control condition. Hypothesis 5
predicted an interaction between reflexivity and situation awareness on final team
performance. Prior to analysis, all continuous independent variables were mean centered
and a dummy variable was created representing the condition (control = 0; guided
reflexivity = 1). In the multiple regression reported in Table 3.4, condition and objective
situation awareness accuracy were entered into the analysis first, followed by the
interaction term; again performance of scenario 1 was entered as a covariate. The
regression was significant F (4, 35) = 3.62, p <.05, R2 = .29 and R2adj = .21, but the
predicted interaction was not significant β = 2.53, t = 1.89, p = .07.
As can be seen in Table 3.4, Model 2 with the control condition as the referent
group, guided reflexivity, objective situation awareness accuracy, or the interaction term,
and Model 2 accounted for approximately 29% of the variance of final team performance.
Model 1 accounted for approximately 22% of the variance of final team performance.
Guided reflexivity had significant positive regression weights, indicating teams that
reflected more were expected to have higher performance in scenario 2, after controlling

60

for performance in scenario 1. Objective situation awareness accuracy did not contribute
to the regression model. Hypothesis 5 was not supported. These findings are similar to
earlier analysis results indicating that guided reflexivity is not affecting or moderating the
relationship between situation awareness and team performance.

Table 3.4
OSA Regressions with Dependent Variable Performance during Scenario 2
Model 1
β
SE
Control Variable (covariate)
Performance 1
.35*
.15
Main Effects
Guided Reflexivity (dummy variable)
.42**
.30
OSA S2
-.06
1.87
Model 2
β
SE
Control Variable (covariate)
Performance 1
.44**
.16
Main Effects
Guided Reflexivity (dummy variable)
-2.00
2.56
OSA S2
-.44
.31
Interaction
OSA S2 x Reflexivity
2.53
.39
2
2
2
2
Note: Model 1 R = .22*, R adj = .16; Model 2, R = .29, R adj = .21; N = 40; 160 persons
* < .05.
** < .01.

Team Communication.
Coding scheme. A coding scheme was developed to capture task communication,
situation-based communication, and transactive memory-based communication. Task
communication differentiated between task-centric communication that assessed
communication about the task at hand and “other” that assessed communication not
referring to the task. In addition to the task communication, a coding scheme was adapted
from Richter and Lechner (2011), capturing situation-based communication. Richter and
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Lechner (2011) applied Endsley’s model (Endsley & Jones, 1997) of situation awareness
by distinguishing between perceiving the environment (perception), comprehending
relevant facts perceived (comprehension), exchanging relevant projections of future
environmental states (projection), and exchanging information about behaviors (actions)
to understand how and when team members become aware of their situational
environment. The coding scheme by Richter and Lechner (2011) was adjusted from
focusing on an enemy to focusing on the situational task in NetOpFeuer 2.0. The task was
defined by the situation encountered during which team members operated to protect
villages and forests from fire and to reduce fire eruptions. The subcodes and definitions
were kept consistent with the coding scheme used by Richter and Lechner (2011).
Further, a transactive memory-based communication scheme was developed. This
coding scheme was based on the Transactive Memory System Scale by Lewis (2003)
assessing communication about the team members’ specialization, credibility, and
coordination. Items of the Transactive Memory System Scale subcomponent (i.e.,
specialization, credibility, and coordination) were adapted and defined the transactive
memory-based communication sub codes (Lewis, 2003). The definition of the sub codes
was based on the meaning and essence of the five items of each Transactive Memory
System Scale subcomponent. This coding scheme was developed because teams must
communicate about other team members’ specialization, their credibility, and
coordination in order to develop a transactive memory system. Lastly, a coding scheme
was developed to identify reflexivity communication which entailed communication
about performance review, and developing and implementing strategies. No sub codes

62

were developed to identify reflexivity communication as the reflexivity model by West
(2000) was used to describe the code.
Chat messages sent by team-members were categorized based on the coding
scheme displayed in Table 3.5. Coders first categorized task communication for taskcentric and other communication. If communication was identified as “other”,
communication was not coded further. If communication was identified as task-centric
communication, communication was coded further for reflexivity, situation-based, and
transactive memory-based communication. Coders distinguished between two main
communication aspects: situation-based communication with sub-codes for team
members’ perception, comprehension, action, and projection; and transactive memorybased communication with sub-codes for team members’ specialization, credibility, and
coordination. Chat messages could be coded for more than one sub-code and for
situation-based, transactive memory-based, and reflexivity communication at the same
time if the message content contained these communication aspects.
The messages that were automatically logged by the NetOpFeuer system were
coded by four independent coders. Coders received training in understanding the coding
scheme, their definitions and application. During training, and as a group, the four coders
practiced by coding communication of a team that was excluded from the data. Also,
coders practiced individually by coding communication of another excluded team. Lastly,
the coding was compared and differences in coding discussed.
Coders had a total of 27.76% variation in their agreement for coding all 2809 chat
messages (i.e., training, scenario 1, discussion phase, and scenario 2) of 50% of all teams.
Coder 1 had 27.94% variation in agreement from coder 2 for 1121 chat messages of 10
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teams; coder 3 had 32.95% variation in agreement from coder 1 for 926 chat messages of
5 teams; and coder 4 had 22.40% variation in agreement from coder 1 for 762 chat
messages of 5 teams. When variations existed, both coders discussed differences and
came to a complete agreement on the coding.
Team communication volume was estimated by counting the number of chat
messages team members exchanged (Yoo & Kanawattanachai, 2001). After coders had
content coded all messages, the coded messages were then classified with regards to task
communication, transactive memory-based communication and components
(specialization, credibility, and coordination), situation-based communication and
components (perception, comprehension, action, and projection), and reflexivity
communication. For an in depth communication analysis, the number of words written in
a message were counted for task communication (both task-centric and other
communication), the total of transactive memory-based and situation-based
communication, and reflexivity communication. Hence, the number of words written in a
message were not counted for transactive memory-based and situation-based
components.
Effects of Reflexivity on Team Communication. Given that team
communication plays an important role in team coordination (Richter & Lechner, 2011)
and might also be a significant factor in developing team cognition, it was of interest to
examine the difference between team communication in the guided reflexivity
intervention and control condition. Mean and standard deviations of sent messages during
training, scenario 1, discussion phase, and scenario 2 are shown in Table 3.6. Hypothesis
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6 stated that the volume of task-centric communication would decrease across scenarios
for both number of messages and words written in guided reflexivity condition.
To test this hypothesis a 2 x 2 ANOVA with Time as a within subjects factor and
Condition as a between subjects factor was performed. For messages sent, no significant
main effect for Time, F (1, 38) = .23, p > .05, nor a significant main effect for Condition,
F (1, 38) = .06, p > .05, was revealed. Also no significant interaction for messages sent
was found, F (1, 38) = .40, p > .05. On the other hand, for the number of words written
there was a significant main effect for Time, F (1, 38) = 4.67, p < .05, ηp2 = .11, but not a
significant effect for Condition, F (1, 38) = .00, p > .05. Also, no significant interaction
for number of words written was found, F (1, 38) = .61, p = .44. Results indicate that
teams in both conditions decreased their communication volume in the number of words
written from scenario 1 to scenario 2. Hypothesis 6 was only supported for number of
words written. The means and standard deviations of messages sent and number of words
written as a function of guided reflexivity appear in Table 3.6 and Table 3.7.
Effects of Reflexivity on Transactive Memory Communication. Hypothesis 7
predicted that transactive memory communication would decrease from scenario 1 to
scenario 2 in the guided reflexivity condition, with an increase in transactive memory
communication during the discussion phase. Transactive memory communication was
measured in the number of messages sent and the number of words written in a message.
To test hypothesis 7, a 2 x 3 ANOVA with time (scenario 1, discussion phase, scenario 2)
as a within subjects factor and condition as a between subjects factor was computed.
Transactive memory communication for messages sent revealed a significant main effect
for Time, F (2, 37) = 35.5, p <.001, ηp2 = .48.

65

Table 3.5
Coding Scheme for Team Communication (with Exemplars)
Code Identifier

Task
communication

Sub codes

Code definition

Example

Task-centric
communication

Any information about the task,
procedure, coordination etc.
All communication not referring to the
task or provided instructions

See situation-based communication and
transactive memory-based communication.
“Everyone here for their Psychology class?”
“Smokey the bear would be ashamed”
“I’m so tired”
“ I’m a helicopter”
“Helicopters are so much faster than my fire
engine”
“Are we missing a vehicle?”
“Agreed”
“Alright”
“Yes it did”
“Who wants to take what? Divide into 4ths”
“ I misunderstood you, I will take bottom left then”
“That plan failed”
“So who is taking what corner again?”
“Low wind”
“Fire”
“Is anyone in the top left corner?”
“Fire broke out at the top right of the screen”
“The west village is gone”
“I’m at the bottom left of the game field”
“The fire will move the direction of the wind”
“The big fire is going to come at the last minute”
“Everyone go to where the fire is burning”
“I’ll watch the south west corner”
“We were not really organized as a team”
“Let’s pair up one helicopter and one fire engine”
“Ok, I’m located in the south together with Bart”

Other

Specialization
Transactive
memory-based
communication

Credibility
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Coordination

Perception

Situation-based
communication

Comprehension

Projection
Action
Reflexivity

Information about own status, unit;
questions about other team members
status, unit, information about the team
Information about accepting procedural
suggestions, double checking
information
Information about coordinating task,
misunderstandings, starting over with
discussion, task accomplishment,
confusion
Unspecified information about task
related occurrences (e.g., fire)
Information about task that helps to
maintain the situational picture to each
team member, due to information about
location or relationship to own team
Communication of possible future
actions of task
Information about actions to do with
regard to the task
Information about team performance,
strategy development and
implementation

However no significant main effect for Condition was found, F (2, 37) = 2.9, p = .096,
but a significant interaction, F (2, 37) = 21.4, p <.001, ηp2 = .36. See Table 3.6 for means
and standard deviations for transactive memory communication of messages sent.
Dependent samples t-tests were conducted to assess which of the time occasions
differed from one another, with each test conducted at an alpha level of .016 to ensure
that the error rate of the three tests does not exceed .05. The results of the dependent
samples t-test for teams in the guided reflexivity condition revealed transactive memory
communication of messages sent to be significantly higher during the discussion phase
than during scenario 1, t (19) = 10.20, p < .016, and during the discussion phase as
compared to scenario 2, t (19) = 10.68, p < .016. There was not a significant difference in
transactive memory communication during scenario 1 and scenario 2, t (19) = .16, p >
.016. No significant differences between discussion phase and scenario 1, t (19) = .94, p
> .016, discussion phase and scenario 2, t (19) = .79, p >.016, and scenario 1 and scenario
2, t (19) = -.39, p >.016 were found for the control condition (see Table 3.6 for means and
standard deviations).
A 2 x 3 ANOVA with time (scenario 1, discussion phase, scenario 2) as a within
subjects factor and condition as a between subjects factor was also computed for number
of words written in a message regarding transactive memory communication. There was
a significant main effect for Time, F (2, 37) = 68.9, p < .001, ηp2 = .64, and Condition,
F (2, 37) = 5.6, p < .05, ηp2 = .13, as well as a significant interaction, F (2, 37) = 33.75,
p < .01, ηp2 = .47. See Table 3.7 for means and standard deviations. Dependent samples ttests were conducted to assess which of the time occasions differed from one another,
with each test conducted at an alpha level of .016. The results of the dependent samples t-

67

test of teams in the guided reflexivity condition revealed transactive memory
communication of number of words written to be significantly higher during the
discussion phase than during scenario 1, t (19) = -12.50, p < .016, and during the
discussion phase as compared to scenario 2, t (19) = 12.10, p < .016. There was not a
significant difference in transactive memory communication of number of words written
during scenario 1 and scenario 2, t (19) = -1.17, p > .016. No significant differences
between scenario 1 and discussion phase, t (19) = -1.53, p > .016, discussion phase and
scenario 2 t (19) = 1.82, p > .016, and scenario 1 and scenario 2, t (19) = -.62, p > .016, in
the number of words written were found for the control condition (see Table 3.7, for
mean and standard deviations). Hypothesis 7 was only partially supported. Transactive
memory communication for number of words written increased during the discussion
phase for the reflexivity condition, but there was no significant decrease in
communication from scenario 1 to scenario 2. Transactive memory communication for
messages sent did not differ by conditions and also did not decrease from scenario 1 to
scenario 2, but there was an increase in communication during the discussion phase.
Besides participants completing the Transactive Memory System Scale, a detailed
transactive memory-based communication coding was carried out to analyze transactive
memory system dimensions in team communication (see Table 3.5 for coding scheme).
The coding was done on the number of messages sent. It was hypothesized that messages
regarding team specialization, credibility, and coordination would be more pronounced in
the guided reflexivity condition during the discussion phase compared to the control
condition (H7a).
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Table 3.6
Team Communication: Means and Standard Deviations for Messages Sent________________

Communication
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Task-centric
GR
Control
Other
GRI
Control

Training

Scenario1

Discussion
Phase

Scenario2___

Mean (SD)

Mean (SD)

Mean (SD)

Mean (SD) __

14.35(10.5)
13.00(9.78)

28.10(17.03)
25.70(15.88 )

44.10(14.34)
41.05(14.99)

26.00(15.78)
26.00(15.94)

4.30(8.50)
11.20(10.32)

4.85(6.74)
11.20(11.20)

8.05(11.01)
13.25(12.07)

11.05(6.29)
12.65(8.59)

31.35(10.44)
15.50(13.41)

10.80(6.52)
13.20(8.70)

3.80(3.41)
5.65(4.99)

9.00(4.04)
4.60(5.38)

3.25(3.11)
5.95(5.27)

3.85(3.87)
2.55(2.24)

11.20(6.72)
3.30(3.36)

3.95(3.82)
2.85(3.08)

3.40(2.21)
4.45(3.15)

11.15(4.85)
7.60(7.03)

3.60(1.67)
4.40(2.58)

2.50(3.20)
7.75(6.54)

Transactive memory-based
GR
6.70(4.75)
Control
8.45(6.90)
Specialization
GR
2.15(2.18)
Control
3.40(2.99)
Credibility
GR
2.45(2.16)
Control
2.25(1.86)
Coordination
GR
2.10(2.15)
Control
2.80(2.65)

___________________________________________________________________________________
Discussion
Training
Scenario1
Phase
Scenario2___
Communication

70

Situation-based
GR
Control
Perception
GR
Control
Comprehension
GR
Control
Projection
GR
Control
Action
GR
Control
Reflexivity
GR
Control

Mean (SD)

Mean (SD)

Mean (SD)

Mean (SD) __

10.20(7.17)
8.50(6.44)

20.95(12.71)
19.35(13.00)

21.15(11.62)
10.85(7.55)

17.00(12.68)
15.10(9.29)

2.35(2.18)
2.60(2.85)

3.75(3.61)
3.45(4.03)

2.30(1.95)
1.20(1.61)

4.45(3.10)
3.65(3.57)

4.60(4.17)
2.85(2.58)

11.60(8.14)
9.35(6.32)

11.60(7.17)
4.85(4.11)

9.80(9.55)
7.45(5.27)

0.25(0.55)
0.35(0.67)

0.40(0.75)
0.75(1.29)

0.65(0.93)
1.10(1.62)

0.40(0.82)
0.55(0.83)

3.00(2.42)
2.70(2.41)

5.20(3.87)
5.80(4.09)

6.60(4.68)
3.70(3.13)

2.35(2.13)
3.45(1.96)

5.45(4.57)
3.05(3.39)

5.40(4.03)
5.00(3.47)

37.60(11.24)
9.00(8.27)

1.00(1.62)
1.70(2.30)

_____________________________________________________________________________
Note. GR = Guided Reflexivity

Table 3.7
Team Communication: Means and Standard Deviations for Number of Words Written________

Communication

Training

Scenario1

Discussion
Phase

Scenario2____

Mean (SD)

Mean (SD)

Mean (SD)

Mean (SD) ___
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Task-centric
GR
102.05(77.65)
138.25(64.49)
336.00(101.65)
110.20(63.02)
Control
74.05(61.25)
131.30(93.17)
280.20(100.84)
118.15(76.88)
Transactive memory-based
GR
43.15(33.31)
56.15(35.22)
216.65(69.41)
45.80(29.61)
Control
45.70(40.30)
69.10(44.67)
95.85(76.68)
64.35(46.27)
Situation-based
GR
57.30(48.85)
89.80(50.33)
137.25(70.52)
68.40(50.88)
Control
42.05(37.01)
82.05(60.82)
71.85(58.16)
61.90(37.76)
Reflexivity
GR
46.15(35.45)
43.40(30.52)
291.80(89.03)
9.90(16.71)
Control
23.35(29.54)
35.80(24.59)
87.05(80.89)
10.55(13.63)
______________________________________________________________________________________

Note. GR = Guided Reflexivity

Independent samples t-tests were computed to test the hypothesis. As expected, teams in
the guided reflexivity condition communicated significantly more about team members
specialization compared to teams in the control condition, t (38) = 2.92, p < .05, d = .92.
Also teams in the guided reflexivity condition communicated significantly more about
team members credibility than the control condition, t (38) = 4.70, p < .05, d = 1.43. No
significant difference was found for communication about coordination between
conditions, t (38) = 1.86, p = .071. Hypothesis 7a is supported, except that
communication about team coordination was found to be stable across experimental
condition. Means and standard deviations for messages sent of the transactive memorybased communication components can be found in Table 3.6.
Correlation between Transactive Memory Communication and Team
Performance. Hypothesis 7b predicted a positive correlation between transactive
memory communication and final team performance. The analysis was based on
messages sent and number of words written regarding transactive memory
communication during the discussion phase. A Pearson correlation was performed to test
the hypothesis. There was no significant positive relation between transactive memory
communication and final team performance for number of words written, r (38) = .22,
p = .17, nor for messages sent, r (38) = .29, p = .07. Also no significant correlations
between the transactive memory-based communication components to final team
performance was found, specialization, r (38) = .21, p > .05, credibility, r (38) = .31,
p = .054, coordination, r (38) = .17, p > .05.
Effects of Reflexivity on Situation Awareness Communication. Team
communication plays an important role in developing and maintaining situation
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awareness. It was therefore of interest to examine the difference between teams in the
guided reflexivity condition and control condition. Hypothesis 8 predicted that situation
awareness communication would decrease from scenario 1 to scenario 2 in the guided
reflexivity condition, with an increase in communication during the discussion phase.
Situation awareness communication was measured in the number of messages sent and
number of words written in a message. To test hypothesis 8, a 2 x 3 ANOVA with time
(scenario 1, discussion phase, scenario 2) as a within subjects factor and condition as a
between subjects factor was computed. Situation awareness communication for messages
sent revealed a significant main effect for Time, F (2, 37) = 3.87, p < .05, ηp2 = .09, but
no significant main effect for Condition, F (2, 37) = 2.37, p > .05. A significant
interaction for messages sent was found, F (2, 37) = 4.26, p < .05, ηp2 = .10. See Table
3.6 for means and standard deviations for situation awareness communication of
messages sent.
Dependent samples t-tests were conducted to assess which of the time occasions
differed from one another, with each test conducted at an alpha level of .016. The results
of the dependent samples t-test for teams in the guided reflexivity condition revealed
situation awareness communication of messages sent not to be significantly different
during the discussion phase as compared to scenario 1, t (19) = - .08, p > .016, during the
discussion phase compared to scenario 2, t (19) = 1.37, p > .016, or during scenario 1
compared to scenario 2, t (19) = - 1.51, p > .016 (see Table 3.6 for means and standard
deviations). In the control condition there was a significant decrease in situation
awareness communication of messages sent during the discussion phase compared to
scenario 1, t (19) = - 3.01, p < .016, and during the discussion phase as compared to
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scenario 2, t (19) = 3.92, p < .016. There was not a significant difference in situation
awareness communication during scenario 1 and scenario 2, t (19) = - 2.82, p > .016 in
the control condition (see Table 3.6 for means and standard deviations).
A 2 x 3 ANOVA with time (scenario 1, discussion phase, scenario 2) as a within
subjects factor and condition as a between subjects factor was also computed for number
of words written in a message regarding situation awareness communication. There was a
significant main effect for Time, F (2, 37) = 10.41, p < .01, ηp2 = .22, no significant main
effect for Condition, F (2, 37) = 3.35, p > .05, but a significant interaction, F (2, 37) =
7.59, p < .05, ηp2 = .17. See Table 3.7 for means and standard deviations for situation
awareness communication of numbers of words written as a function of time and
condition.
Dependent samples t-tests were conducted to assess which of the time occasions
differed from one another with each test conducted at an alpha level of .016. The results
of the dependent samples t-test for teams in the guided reflexivity condition revealed
situation awareness communication for number of words written to be significantly
higher during the discussion phase than during scenario 2, t (19) = 4.60, p < .016, and
also significantly higher during the discussion phase as compared to scenario 1,
t (19) = - 4.34, p < .016 (see Figure 6). There was not a significant difference in situation
awareness communication for number of words written during the scenario 1 and
scenario 2, t (19) = -1.98, p > .016. No significant differences between scenario 1 and
discussion phase, t (19) = .85, p > .016, discussion phase and scenario 2, t (19) = .86,
p > .016, and scenario 1 and scenario 2, t (19) = -1.59, p > .016, were found for the
control condition. Hypothesis 8 was only partially supported. Situation awareness
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communication did not decrease from scenario 1 to scenario 2 in the guided reflexivity
condition, and no significant difference was found between conditions for both messages
sent and number of words written. There was, however, a significant increase in situation
awareness communication during the discussion phase in the guided reflexivity
condition.
A detailed situation-based communication coding was carried out to analyze
situation awareness dimensions in team communication (see Table 3.5 for coding
scheme). The coding was done on the number of messages sent. It was hypothesized that
messages regarding situation awareness (i.e., teams’ perception, comprehension,
projection and action) would be more pronounced in the guided reflexivity condition
during the discussion phase compared to the control condition (H8a).
Independent samples t-tests were computed to test the hypothesis. Surprisingly,
teams in the guided reflexivity condition did not communicate significantly more about
perception, t (38) = 1.95, p = .059, or projection, t (38) = - 1.08, p = 2.89, than teams in
the control condition. This result was rather expected as these situation awareness
communication components are not demanded during the discussion phase but are of
importance during task completion (e.g., scenario). As proposed, teams in the guided
reflexivity condition communicated significantly more about comprehension, for instance
communicating information that helped to maintain the situational picture to each team
member, compared to teams in the control condition, t (38) = 3.65, p = .001, d = 1.15.
Teams in the guided reflexivity condition also communicated significantly more about
actions to do with regards to the task than did teams in the control condition, t (38) = 2.3,
p < .05, d = 0.73. The means and standard error for number of messages and situation-
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based communication are presented in Table 3.6. Hypothesis 8a is only partially
supported, because teams communicated about unspecified information about task
occurrences (i.e., perception) and possible future actions of task (i.e., projection)
independent of their condition.
Correlation between Situation Awareness Communication and Team
Performance. Hypothesis 8b predicted a positive correlation between situation
awareness communication and final team performance. The analysis was based on
messages sent and number of words written regarding situation awareness
communication during the intervention phase. A Pearson correlation was performed to
test the hypothesis. There was a significant positive relation between situation awareness
communication and final team performance for messages sent, r (38) = .37, p < .05, but
no significant relation existed for number of words written, r (38) = .31, p = .056. In
more detail, a significant positive relation was found for messages sent between the
situation-based communication component comprehension and final team performance,
r (38) = .34, p < .05, and between action and final team performance, r (38) = .38,
p < .05. It should be noted that these correlations have only a medium strength
relationships to final team performance, and other situation-based components were not
significantly correlated to final team performance (perception r (38) = .03, projection
r (38) = .11).
Effects of Condition on Reflexivity Communication. Even though teams in the
control condition did not perform a guided reflexivity intervention, teams might still have
engaged in reflexivity and strategy development. It was therefore of interest to examine
the difference between teams in the guided reflexivity condition and control condition.
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Hypothesis 9 predicted that reflexivity communication would decrease from scenario 1 to
scenario 2 in the guided reflexivity condition, with an increase in communication during
the discussion phase. Reflexivity communication was measured in the number of
messages sent and number of words written in a message. A 2 x 3 ANOVA, with time
(scenario 1, discussion phase, scenario 2) as a within subjects factor and condition as a
between subjects factor was performed for reflexivity messages sent. A significant main
effect for Time, F (1, 37) = 171.13, p = .001, ηp2= .81, and main effect for Condition,
F (1, 37) = 52.80, p = .001, ηp2= .58, were found. The interaction for Time and Condition,
F (1, 37) = 85.90, p =.001, ηp2 = .69, was also found to be significant (see Table 3.6 for
means and standard deviations).
Dependent samples t-tests were conducted to assess which of the time occasions
differed from one another, with each test conducted at an alpha level of .016. The results
of the dependent samples t-test for teams in the guided reflexivity condition revealed
reflexivity communication for messages sent to be significantly higher during the
discussion phase than during scenario 1, t (19) = 13.77, p < .016, and also significantly
higher during the discussion phase as compared to scenario 2, t (19) = 5.31, p < .016.
Furthermore, scenario 1 was significant higher in reflexivity communication compared to
scenario 2, t (19) = 14.87, p < .016. For the control condition, reflexivity communication
for messages sent during the discussion phase was significantly higher than during
scenario 1, t (19) = 2.7, p < .016. Also reflexivity communication was significantly
higher during the discussion phase than during scenario 2, t (19) = 3.6, p < .016, and
scenario 1 was significantly higher compared to scenario 2, t (19) = 3.5, p < .016.
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A 2 x 3 ANOVA with time (scenario 1, discussion phase, scenario 2) as a within
subjects factor and condition as a between subjects factor was also computed for number
of words written in a message regarding reflexivity communication. There was a
significant main effect for Time, F (2, 37) = 176.31, p < .001, ηp2 = .82, a significant
main effect for Condition, F (2, 37) = 36.94, p < .001, ηp2 = .97 and a significant
interaction, F (2, 37) = 64.52, p < .001, ηp2 = .63. See Table 3.7 for means and standard
deviations for reflexivity communication of numbers of words written.
Dependent samples t-tests were conducted to assess which of the time occasions
differed from one another with each test conducted at an alpha level of .016. The results
of the dependent samples t-test for teams in the guided reflexivity condition revealed
reflexivity communication for numbers of words written to be significantly higher during
the discussion phase than during scenario 2, t (19) = 15.60, p < .016, and also
significantly higher during the discussion phase as compared to scenario 1, t (19) = 15.64,
p < .016. There was also a significant difference in reflexivity communication for the
number of words written during the scenario 1 and scenario 2, t (19) = -5.92, p < .016.
Significant differences between scenario 1 and discussion phase, t (19) = 3.99, p > .016,
discussion phase and scenario 2, t (19) = 3.33, p < .016, and scenario 1 and scenario
2, t (19) = 3.87, p < .016 were found for the control condition.
Hypothesis 9 was supported; teams in the guided reflexivity condition increased
their reflexivity communication significantly during the discussion phase as compared to
the control condition for both messages sent and number of words written. This result
was expected and confirms the manipulation check in that the guided reflexivity
intervention in the guided reflexivity condition showed effects for increased reflexivity
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communication. Note that reflexivity communication increased significantly in the
control condition without a guided reflexivity intervention having taken place, suggesting
that teams may voluntarily engage in reflexivity.
Correlation between Reflexivity Communication and Team Performance.
Hypothesis 9a predicted a positive correlation between reflexivity communication and
final team performance. The analysis was based on messages sent and number of words
written regarding reflexivity communication during the intervention phase. A Pearson
correlation was performed to test the hypothesis. There was a significant positive relation
between reflexivity communication and final team performance for messages sent,
r (38) = .33, p < .05, but no relationship was found to final team performance for number
of words written, r (38) = .33, p = .12. This correlation indicates a medium strength
relationship of reflexivity communication to final team performance for messages sent,
which partially supports the hypothesis.
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CHAPTER IV

DISCUSSION

This research addressed the question of whether guided reflexivity can impact
team processes as well as team performance. In detail, it was examined whether guided
reflexivity has a direct influence on team performance (Gurtner et al., 2007; Schippers et
al., 2012), a moderator relationship between team cognitive processes and team
performance (Van Ginkel & Van Knippenberg, 2009), and an effect on team
communication (Richter & Lechner, 2011). Participants received guided reflexivity,
which included guidance on how to reflect on information sharing and how the team was
organized, considered improvements and planned new strategies (Gurtner et al., 2006), or
a control condition discussion. The results provided mixed support to the generalized
hypotheses indicating that guided reflexivity may have a more intricate relationship to
virtual team performance, which warrants further investigations.
We found evidence for our assumption that guided reflexivity positively affects
performance. Teams in the guided reflexivity condition generally performed better after
the guided reflexivity intervention occurred, and this performance was seen to be superior
to the performance of teams that did not receive a guided reflexivity intervention. Teams
that received no guided reflexivity intervention did not show any form of performance
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improvement. The beneficial effect of guided reflexivity on virtual team performance
thus supports some of the prior research on guided reflexivity (Gurtner et al., 2006).
No evidence was found for guided reflexivity to have an effect on transactive
memory system development. Independently of receiving a guided reflexivity
intervention or no intervention, teams developed their transactive memory systems. Main
factors contributing to transactive memory system development might be carryover
effects and team communication. Especially, since teams develop their transactive
memory system through frequent and effective communication about expertise (Yoo &
Kanawattanachai, 2001). Guided reflexivity was also not found to moderate a positive
relationship between transactive memory system and virtual team performance. However,
for virtual teams that did not receive a guided reflexivity intervention, the transactive
memory system was negatively related to final team performance, suggesting that guided
reflexivity might have underlying factors in the relationship between transactive memory
system development and final team performance (Richter & Lechner, 2011). Further
research is needed on guided reflexivity and the relation between transactive memory
system development and final virtual team performance.
Situation awareness has been found to be developed and maintained by providing
periodic situation-assessment updates for all members to possess team situation
awareness (Schraagen & Van de Ven, 2011). However, no evidence was found that
guided reflexivity has an impact on objective situation awareness accuracy. Independent
of the virtual teams’ condition, objective situation awareness accuracy increased over
time, suggesting that carryover effects and communication exchange might explain the
increased situation awareness accuracy found in the control condition. Results of this
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research did not support a moderator effect of guided reflexivity between situation
awareness and virtual team performance. The explanation for better objective situation
awareness accuracy and overall team performance in the guided reflexivity condition
versus the control condition evidently does not lie in guided reflexivity, but other team
process variables might be responsible.
Team Communication
Team members were able to communicate with each other via a chat system
throughout their tasks and scenarios. Only during the intervention phase, teams were
instructed on what to discuss and guided throughout their discussion. Teams in the guided
reflexivity condition were instructed to reflect on their prior performance, develop a
strategy, and implement a strategy whereas teams in the control condition were instructed
to discuss “professionalism” (Gurtner et al., 2006). This research addressed the question
of how certain types of communication can change across time, and may be impacted by
a guided reflexivity intervention.
No evidence was found for guided reflexivity to have an impact on task-centric
communication. Both conditions diminished in their task-centric communication
significantly for the number of words written, but not for the number of messages sent
after the discussion phase. These findings suggest that with team member’s familiarity
with the task and the development of team processes, the number of words written in
messages decrease, allowing team members to better focus on the task at hand as the act
of communicating preoccupies team members’ ability to perform. This stands in line with
research by Van Dijk and Broekens (2010) who suggested that virtual teams decrease the
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amount of communication in order to have the ability to perform their task during the
team effort.
Guided reflexivity impacted communication about transactive memory in teams
in the guided reflexivity condition during the discussion phase. In general, teams
communicated more about transactive memory compared to teams in the control
condition. This result only supports number of words written in a message as no
difference between conditions for number of messages sent was found. Increased
communication in number of words written about transactive memory may therefore be
beneficial to virtual team development that enables effective information exchange about
expertise to develop an effective transactive memory system (Yoo & Kanawattanachai,
2001). Across scenarios communication did not decrease for number of messages sent or
words written, indicating the need for virtual teams to communicate about transactive
memory components to further coordinate actions or sudden changes in team members’
tasks (Richter & Lechner, 2011).
During the discussion phase guided reflexivity impacted also aspects of
communication (i.e., number of messages sent) about transactive memory in teams.
Teams communicated significantly more about the teams’ specialization by sharing
information regarding the team or team members’ status and communicated more about
the team members’ credibility by accepting other team members’ procedural suggestions
or double checking information. However, teams independent of a guided reflexivity
intervention communicated about team coordination that may give teams’ access to
specialized knowledge (Lewis, 2003). Research on transactive memory has found support
for a positive relationship between the transactive memory system and group
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performance (Liang, Moreland, & Argote, 1995; Richter & Lechner, 2009; Yoo &
Kanawattanachai, 2001). Contrary to these findings, no relationship was found between
transactive memory-based communication or components (i.e., specialization, credibility,
and coordination) and final team performance during the discussion phase. However,
transactive memory-based communication may be related to team performance across the
lifecycle of a team during which transactive memory develops (Lewis, 2003). Further
research is warranted to determine whether transactive memory communication relates to
performance across time and whether it relates to performance improvements in ongoing
teams where the transactive memory system may have changed.
A high level of situation awareness communication occurred in all phases of the
experiment. Teams in the guided reflexivity condition communicated more about
situation awareness during the discussion phase as compared to the first and second
scenario, supporting other research findings that demonstrated exchange of information
and strategy development to be linked to higher levels of situation awareness (Cooke et
al., 2007). Note, however, that these findings support only communication for the number
of words written in a chat message, while no significant difference in the number of
messages sent regarding situation awareness communication was found across scenarios
and discussion phase for teams in the guided reflexivity condition. Exceptions were
teams in the control condition which decreased their communication about situation
awareness during the discussion phase and displayed more situation awareness
communication during scenarios. These results indicate the necessity for team members
to constantly communicate about situation awareness events during scenarios to
coordinate team tasks and to maintain team situation awareness (Kaber & Endsley, 1998).
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During the discussion phase guided reflexivity impacted aspects of
communication about situation awareness in teams. Teams communicated more about the
teams’ comprehension of the situation, by sharing information about the task to help
maintain the situation picture and by sharing information about locations or relationships
to other team members. This findings underline research by Schraagen and Van de Ven
(2011) where team members’ comprehension about the situation can overcome lack of
common ground or misunderstandings of information sharing. Teams in the guided
reflexivity condition also communicated more about carrying out actions to accomplish
the task compared to the control condition. Teams in both conditions, however, shared a
similar amount of unspecified information on task occurrences (i.e., perception) and
possible future actions of the task (i.e., projection). Teams do not have the need to
communicate about these situation awareness components during the discussion phase as
there is no action taking place besides the team discussion. Yet, information sharing
about team members’ perception and projection might play an important role during task
completion. Overall, these results demonstrate guided reflexivity to increase situation
awareness components, comprehension and action, that may be most beneficial for
virtual team performance. Future research can address this speculation.
Situation awareness has been shown to affect decision making, team coordination,
and team performance (Endsley, 2001; Richter & Lechner, 2011). The postulated
relationship between situation awareness communication or components (i.e.,
comprehension and action) and final virtual team performance was found to be positive.
This result demonstrates the importance of situation awareness and the components
comprehension and action on final virtual team performance. Moreover, these findings
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support Kaber’s and Endsley’s (1998) notion of implementing training interventions that
would enable team members to pass on information and to provide feedback for
understanding the situation. The guided reflexivity intervention has been shown to
facilitate increased situation awareness communication and seems to have a clear effect
on the relationship between situation awareness communication and performance. Note,
however, that situation awareness communication is not a measure of the situation
awareness level in teams per se. Individuals might possess situation awareness but they
may or may not share the information with their team members.
Throughout the intervention, communication about reflexivity occurred in bursts
which progressively decreased as time passed, and eventually ended before the
intervention phase was over. Several teams asked the experimenter whether they could
start their next simulation sooner than planned, which was denied. This may have
stimulated teams to spend time during the break discussing topics unrelated to the
simulation rather than reflecting or discussing instructed topics as was also found in the
study by Moreland and McMinn (2010). Albeit the significant difference in reflexivity
communication (i.e., number of messages sent and words written) for teams in both
conditions, a significant decrease in communication on reflexivity was found after the
discussion phase took place indicating that participants thought there is no need for
further reflexivity to occur during the tasks. This, however, may vary between teams as
reflexivity may occur not only after the tasks but also during the tasks for revising early
adopted strategies (Gurtner et al., 2007; Moreland & McMinn, 2010). To our surprise,
teams in the control condition engaged in communication about reflexivity and showed
the same reflexivity communication pattern in a lesser extent as teams in the reflexivity
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condition, suggesting that many teams in the experiment voluntarily engaged in
reflexivity. This is contrary to findings of Schippers and colleagues (2012), who suggest
that teams are unlikely to reflect on their own. Giving teams the time and opportunity to
discuss their performance and plan for future tasks may lead to reflexivity even in the
absence of a specific intervention. This speculation can be tested in future research on
conditions under which team reflexivity is more or less likely to occur.
Additional Analyses
Given that teams in the control condition seemed to have engaged in some levels
of reflexivity voluntarily, additional post hoc analyses were conducted to clarify what
contextually differentiated the reflexivity communication in the control condition from
teams in the guided reflexivity condition. One analysis concerned reflexivity-based
communication in both the guided reflexivity and control condition. Specifically, it was
reasoned that subcomponents of reflexivity might improve performance and that these
components would be found more pronounced in team communication for the guided
reflexivity condition. All reflexivity messages were coded with regards to West’s theory
of reflexivity (2000) to determine communication and action/adaptation resulting from
reflexivity. Reflexivity-based communication was defined as communication about
reviewing performance, developing potential strategies, implementing strategies,
reviewing team structure, and reviewing tools (see Table 4.1). The reflexivity messages
were coded by two independent coders. Variations in coding were discussed amongst the
coders who then came to a complete agreement.
The analysis revealed no significant differences for review of team structure
between the guided reflexivity condition and the control condition, t (38) = 1.64, p = .11,
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but significant differences for all other reflexivity components were found. T-test values,
means and standard errors are reported in Table 4.2.
This analysis demonstrates significant differences in communication of reflexivity
components (i.e., review of team performance, strategy, strategy implementation, review
of tools) during the guided reflexivity intervention between conditions.
Although the additional analysis regarding reflexivity-based communication
could only be carried out post hoc, trying to understand the unexpected results of the
control condition to voluntarily engage in a form of reflexivity is important both for
theory and application purposes. Messages regarding review of team performance,
strategy, implementing strategy, review of team structure, and review tools of the
reflexivity were reasoned to be more pronounced during the discussion phase for teams in
guided reflexivity condition. This was the case except for reflexivity communication
about reviewing the teams’ structure, which was similar across conditions.
Teams reviewed their prior performance only to a small extent, which may have been
caused by team members’ discomfort and fear of the performance review to be a bad
experience, by blaming each other for the team’s failures or trying to take undeserved
credit (Moreland & McMinn, 2010). Instead, teams seemed to be more focused on
reviewing tools available to them, their functions, and the tools performance for the task
at hand. This would make team members become aware of their own and others’ task
representations and possible differences in their representation (Van Ginkel et al., 2009).
In addition it underlines Gurtner and colleagues’ (2007) research that suggested teams
should focus on task-adaptive strategies when implementing reflexivity such as revising
early adopted strategies to enhance team coordination.
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Table 4.1
Reflexivity Coding Scheme
Code Identifier

Sub codes
Review of Team
Performance
Strategy
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Reflexivitybased
communication

Implementing
Strategy
Review of Team
Structure

Review of Tools

Code definition
Information about prior team
performance
Suggestions for improving team
performance, developing potential
strategies or plans
Implementing developed strategies
or plans
Information about team structure,
composition and its relation to the
task
Information about the functions of
tools, tool performances, availability
of tools and its relation to task
completion

“I don’t think we did well”
“We were not really organized”
“Let’s divide up sections”
“Let’s pair up one helicopter and one fire
engine”
“I’m taking the bottom left”
“I’m watching the village”
“Good plan, I’m in the south”
“How many of us are there?” “Two of us are
controlling the helicopter”
“Helicopters are moving faster than fire
engines”
“Watch the wind gauge it shows the
direction of the fire”

Table 4.2
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Independent t-tests for Reflexivity Components
__
Condition_______
GR
Control
Review of Team Performance
4.10
0.45
(0.90)
(0.14)
Strategy
10.75
4.40
(6.31)
(4.31)
Strategy Implementation
12.50
7.66
(1.71)
(0.96)
Review of Team Structure
1.30
0.25
(0.62)
(0.18)
Review of Tools
8.90
1.25
(1.11)
(0.54)

t
3.40*

df
38

Cohen’s d
1.26

3.71*

38

1.17

4.80*

38

1.41

1.46

38

-

6.20*

38

1.96

Note. * = p < .001. Standard Error appear in parentheses below means.

Table 4.3
Pearson’s Product Momentum Correlations for Strategy Implementation, Final
Performance
Strategy Implementation
Transactive memory-based communication
.50**
Specialization

.33*

Credibility

.45**

Coordination

.39*

Situation-based communication

.79**

Perception

.21

Comprehension

.77**

Projection

-.06

Action

.77**
Final Team Performance
.33*

Reflexivity communication
Review of Team Performance

-.10

Strategy

.24

Strategy Implementation

.43**

Review of Team Structure

.09

Review of Tools

.20

Note. * = < .05, ** = < .01. N = 40 for all analyses. Bold identifies communication
subcomponents.
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Reflexivity communication regarding implementing the developed strategies (i.e.,
strategy implementation), and suggesting and developing potential strategies (i.e.,
strategy) were identified as the most communicated reflexivity components during the
discussion phase for teams in the guided reflexivity condition. This supports the highly
interrelated reflexivity model and behavior adaptation theory by West (2000), which
states that teams that adapt their behavior according to the developed strategy show better
team performance.
A second analysis focused on the reflexivity subcomponent strategy
implementation. According to Wegner’s reflexivity theory (2000), teams can reflect on
their performance and develop a strategy which does not assure that the strategy gets
implemented. The analysis entailed both the control and guided reflexivity condition and
was only performed with the communication that had occurred during the discussion
phase. Specifically, it was reasoned that strategy implementation related positively to
final performance as well as to other components necessary for a team to implement a
strategy and adapt behavior accordingly. A Pearson correlation was performed with all
relations for strategy implementation displayed in Table 4.3.
The second post hoc analysis focused on the reflexivity-based communication
component strategy implementation to further understand its relation to other cognitive
processes and virtual team performance. Prior to the post hoc analyses a relationship
between reflexivity communication and virtual team performance was proposed. Indeed,
as communication (i.e., number of messages sent) on reflexivity increased so did final
virtual team performance supporting prior research findings on the positive relationship
of reflexivity to performance (Schippers et al., 2012; Widmer et al., 2009). In more detail,
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however, strategy implementation was found to be the only reflexivity-based
communication component to be significantly related to final team performance. This
finding implies that communication about strategy implementation may be the most
important component of reflexivity to have positive outcomes on virtual team
performance. Further, research is needed to test the effect of strategy implementation on
virtual team performance.
The strategy implemented was also found to have positive relations to other
cognitive processes. As communication about transactive memory and its components
specialization, credibility and coordination increased, so did communication about
strategy implementation. These findings suggest that transactive memory communication
is not only important for the initial transactive memory system development (Yoo &
Kanawattanachai, 2001) but may also be important for teams to implement their
strategies; that is, because teams have to communicate about team members’
specialization, their credibility and task coordination before a strategy can be fully
implemented. Moreover, the relationships for the situation awareness communication as
well as its components of comprehension and action to strategy implementation were
found to be positive. Communication about situation awareness and components
increased with communication about strategy implementation. This finding is important
for both the situation awareness and reflexivity literature; team members must
communicate about maintaining situation awareness and carrying out specific actions in
situations to adapt their behavior accordingly while the communicated strategy gets
implemented (Kaber & Endsley, 1998; Schippers et al., 2012; West, 2000). As these
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results are based on a post hoc analysis, further investigation of these communication
processes is warranted.
Potential Limitations and Future Directions
The present experiment has some limitations. The most important limitation of
this research concerns the generalizability of the results. Teams in the present experiment
were network structured teams, the task was dynamic, and the communication was via a
chat system. Patterns of communication may differ for face-to-face teams or teams with
more members. The measure of communication was the number of messages sent via
chat for reflexivity, transactive memory, and situation awareness components. A morefine grained analysis could evaluate the number of words generated, relevant to the
aspects being examined. The type of task and the task complexity may also have an
impact of the development of transactive memory system and situation awareness, and
the impact that guided reflexivity might have during these types of tasks. Thus, the results
can only be interpreted in terms of the investigated team size, structure, and task
environment. Further research exploring the effects of reflexivity interventions in
different team structures and types of tasks will be needed.
Another limitation is the accuracy and appropriateness of the situation awareness
measures. The Situation Awareness Rating Technique was not a good fit to our sample,
with only a moderate internal reliability amongst items, which questions the overall
reliability of the scale. In addition, the Situation Awareness Rating Technique is not a
measure for team-level data because the scale does not account for variability of
perceived situation awareness between team members. This led to the elimination of
analyzing the data on the team-level. This measure should only be used for analysis on
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the individual level and using this scale will not result in a reliable measure of situation
awareness. The objective situation awareness measure, on the other hand, relied heavily
on memory which may have impacted the individual ratings and not represented accurate
situation awareness in teams. In particular, since the objective questionnaire asked
questions about events that occurred throughout the scenario (e.g., “Did a fire break out
during the first minute of the game?”), participants may have been limited in their recall
of correct event information. Given the downfalls of the situation awareness measures
used in this study, other situation awareness measures need to be developed to grasp the
essential components of situation awareness in virtual teams.
Another possible limitation is the relatively small number of teams included. This
small sample necessitates caution when drawing premature conclusions, and underscores
the need for further research. Despite these limitations the NetOpFeuer simulation
imitated the complexity, novelty, and uncertainty of real environments, which
strengthened the experiment design for observing the effect of guided reflexivity on team
cognitive process development and team communication.
This experiment provides direction for the specificity of subsequent research and
further investigation into the effect of guided reflexivity interventions on virtual teams.
Future research should focus on different reflexivity components such as strategy
implementation, to determine their effects on cognitive development and virtual team
performance. More emphasis should be placed on cognitive team development across
time, such as reflexivity, might not have a direct influence on team cognition but may
support the development processes. Guided reflexivity had a moderate effect on team
cognitive processes; however, it seemed that communication about reflexivity may have a
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more profound impact on team cognition. Hence, future research should specifically
focus on reflexivity related communication and in-process reflexivity (Moreland &
McMinn, 2010). Since the guided reflexivity intervention did facilitate greater transactive
memory or situation awareness communication, future researchers might want to explore
further effects of reflexivity communication on team performance.
Conclusion
By better understanding the impact of guided reflexivity in the initial stages of
virtual team development, the intervention may be used as a tool to help virtual teams
develop cognitive processes and optimize team performance. This is especially important
as organizations are placing an increased focus on initial high performing virtual teams
where cognitive processes are created on the fly. Research on how these cognitive
processes can be developed in the early stages of virtual team formation is vital, as “on
demand” virtual teams will become the strategy of choice for many organizations. On
demand virtual teams would bring organizations not only competitive advantage, global
expertise “on call,” and fast-paced innovation or mission readiness, but would also
decrease overall project or mission costs due to the minimization of resource allocation,
planning, and length of a project. This experiment provides insight into whether a guided
reflexivity intervention can aid in cognitive development and optimize virtual team
performance.
The present experiment investigated the effect of a guided reflexivity intervention
on team cognitive processes, virtual team performance, and team communication.
Understanding how these guided reflexivity interventions effect team cognitive
development and communication is important for the enhancement of virtual team
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performance. Analyzing these processes helps to understand the effects of a guided
reflexivity intervention to improve methods for optimal team performance (Gurtner et al.,
2007). More specifically the experiment shows that guided reflexivity encourages teams
to reflect on their tools used for task completion, develop potential strategies, and
implement these strategies, which have clear effects on team cognitive processes and
performance. Furthermore, this experiment demonstrates how guided reflexivity
influences team communication, specifically how it influenced team cognitive
communication and reflexivity communication. Finally, the role of guided reflexivity
interventions on team cognition gains considerable support from the results in a very
specific way, that is, from evaluating transactive memory and situation awareness
communication with regard to sharing information about team members’ specificity,
coordinating tasks, maintaining situation awareness, carrying out actions for developing
and implementing strategies, and improving performance.
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APPENDIX C

Questionnaire Items

1.1. SA Questionnaire Main Game 1
The following questions relate to the situation encountered during your last mission.
1. Did a fire break out during the first minute of the game?
Yes/No/I was not aware of this
2. How many water towers were located on the game field?
2/3/4/5
3. Did the fire expand faster when the wind was stronger?
Yes/No/I was not aware of this
4. Was the speed of the helicopter faster than the speed of the fire engine?
Yes/No/I was not aware of this
5. Were the villages so close to the forest that the fire jumped over?
Yes/No/I was not aware of this
6. Did the wind come from different directions during the game?
Yes/No/I was not aware of this
7. Did some fires go out by themselves?
Yes/No/ I was not aware of this
8. Did the fire engine extinguish fires better than the helicopter?
Yes/No/ I was not aware of this
9. In which game field broke out the first fire? A/B/C

10. Where did the last fire erupt? A/B/C
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1.2. SA Questionnaire Main Game 2
The following questions relate to the situation encountered during your last mission.
1. Did a fire break out during the first minute of the game? (After 10 minutes discussion,
hence in the 11th minute of Main Game 2) Yes/No/I was not aware of this
2. How many water towers were located on the game field?
2/3/4/5
3. Did the fire expand faster when the wind was stronger?
Yes/No/I was not aware of this
4. Was the speed of the helicopter faster than the speed of the fire engine?
Yes/No/I was not aware of this
5. Were the villages so close to the forest that the fire jumped over?
Yes/No/I was not aware of this
6. Did the wind come from different directions during the game?
Yes/No/I was not aware of this
7. Did some fires go out by themselves?
Yes/No/ I was not aware of this
8. Did the fire engine extinguish fires better than the helicopter?
Yes/No/ I was not aware of this
9. In which game field broke out the first fire? A/B/C

10. Where did the last fire erupt? A/B/C
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1.3. Situation Awareness Rating Technique (SART)
The following questions relate to the situation encountered during your last mission.
1

2

3

4

5

6

7
Low

Medium

High

1. Instability of the situation
How changeable is the situation? Is the situation highly unstable and likely to
change suddenly (high), or is it very stable and straightforward (low)?
2. Complexity of the situation
How complicated is the situation? Is it complex with many interrelated
components (high) or is it simple and straightforward (low)?
3. Variability of the situation
How many variables are changing in the situation? Is there a large number of
factors varying (high) or are there very few variables changing (low)?
4. Arousal
How alert are you in the situation? Are you alert and ready for activity (high) or
do you have a low degree of alertness (low)?
5. Concentration of attention
How much are you concentrating on the situation? Are you bringing all your
thoughts to bear (high) or is your attention elsewhere (low)?
6. Division of attention
How much is your attention divided in the situation? Are you concentrating on
many aspects of the situation (high) or focused on only one (low)?
7. Spare mental capacity
How much mental capacity do you have to spare in the situation? Do you have
sufficient to attend to many variables (high) or nothing to spare at all (low)?
8. Information quantity
How much information have you gained about the situation? Have you received
and understood a great deal of knowledge (high) or very little (low)?
9. Information quality
How good is the information you have gained about the situation? Is the
knowledgecommunicated very useful (high) or is it a new situation (low)?
10. Familiarity with the situation
How familiar are you with the situation? Do you have a great deal of relevant
experience (high) or is it a new situation (low)?
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1.4. Transactive Memory System Scale
You were asked to complete a firefighting mission. So that we may gain a better
understanding of how you and your team completed the mission, please answer the
following questions.
strongly
disagree
1

disagree

neutral

2

3

agree
4

strongly
agree
5

1.
2.
3.
4.

Each team member has specialized knowledge of some aspect of our project.
I have knowledge about an aspect of the project that no other team member has.
Different team members are responsible for expertise in different areas.
The specialized knowledge of several different team members was needed to
complete the project deliverables.
5. I know which team members have expertise in specific areas.
6. I was comfortable accepting procedural suggestions from other team members.
7. I trusted that other members’ knowledge about the project was credible.
8. I was confident relying on the information that other team members brought to the
discussion.
9. When other members gave information, I wanted to double-check it for myself.
10. I did not have much faith in other members’ “expertise.”
11. Our team worked together in a well-coordinated fashion.
12. Our team had very few misunderstandings about what to do.
13. Our team needed to backtrack and start over a lot.
14. We accomplished the task smoothly and efficiently.
15. There was much confusion about how we would accomplish the task.

1.5. Reflexivity Scale
strongly
disagree
1

1.
2.
3.
4.

disagree

neutral

2

3

agree
4

The team reviewed its objectives
The method used by the team to get the job done was discussed
We discussed whether the team is working effectively
The team reviewed whether it’s getting the job done
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strongly
agree
5

1.6. Demographics
Please complete the following questions. The information you provide will kept strictly
confidential and will be used only for the purposes of this study.
1. Gender: Male 1
2. Age: _______

Female 2

3. What is your ethnic heritage?
1 African American
2 American Indian/Alaska Native
3 Asian
4 Caucasian
5 Hispanic /Latino
6 Multi-racial
7 Native Hawaiian/Pacific Islander
8 Other (please specify) ______________________
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